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IVMPHOKINE PRODUCTION AND PURIFICATION 




g^T^ of the Invention 



/ This invention relates to the production of a protein 
Wing the ability to stimulate the growth and differentiation 
of primate hematopoietic progenitor cells, in particular 
colony stimulating factor (CSP). The invention in one aspect 
provides a method for producing CSF protein by recombinant 
DNA techniques, to vectors containing the gene for expressing 
said protein, to microorganisms and cell lines transformed 
with said vectors and to CSP protein thus produced. In a 
second aspect, the invention provides a method for isolating 
and purifying CSF protein, from either natural or recombinant 
sources, and thus purified CSF protein having a degree of 
purity and level of activity well above any that has been 
previously reported. 

Rfl rkcrounr j ryf fho invention 

The many different cell types found in blood are all derived 
from pluripotent hematopoietic stem cells. Stem cells perform 
two functions: (1> they reproduce themselves, thereby 
maintaining a stem cell population in the body and (2) they 
provide progeny cells committed to differentiate into any of the 
mature blood cell types. The cell which is committed to 
differentiate along a particular hematopoietic pathway is termed 
a progenitor cell. Progenitor cells for T lymphocytes, 3 
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lymphocytes, granulocytes, red blood cells, platelets, and 
eosinophils, as wall as earlier progenitors which can 
individually give rise to several of the mature cell types, have 
been studied experimentally both in vivo and in vitro (Dexter, 
T.M. 1983 J. Pathology HI 415-433) . It has been determined in 
vitro that proliferation and/or differentiation of each 
progenitor cell type depends upon specific "factors" which have 
s eon derived from various sources. For example, the later 
progenitors of red blood cells require a factor called 
erythropoietin. The factors required for survival, proliferation 
and differentiation of the myeloid progenitors committed to foe* 
mature neutrophilic granulocytes, monocytes and raacure 
macrophages are called colony stimulate factors (CSFs) . 

CSP activity has been studied extensively in the mouse. 
Most adult mouse organs produce CSF activity. However, 
compositions containing CSF activity that have been obtained from 
various tissues and by various methods appear to differ in their 
biochemical characteristics. Thus, the structural relationships 
between the different factors remain unknown. Furthermore, CSF 
activity appears to act at more than one step of granulocyte and 
macrophage development, and again it has been uncertain whether a 
single factor is responsible for all of the observed activities 
or whether a different factor acts at each step. (Burgess, A. 
and Metcalf , D. 1980 Blood 947-957) . 

Human CSF ^ ^ive] has been obtained f rom placenta, certain 
fetal tissues, macrophages, and stimulated T cells. A line of T 
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cells (Ho) that produce, one or more potent CSF activities -as 
established from a patient with a T cell variant of hairy cell 
leukaemia (leukemic reticuloendothelial.) (Golde et .1 1978 

Blood ZZ 1068-1072). 

Th . ability of CS activity to stimulate granulocyte and 
macrophag. production indicated that pharmaceutical compositions 
having CSF activity are clinically useful in situations where 
increased production of these (myeloid) cell type, is required. 
Indeed, several patients with extremely high level, of apparently 
normal circulating granulocyte- have been shown to have tumors 
which over-produce CSF. In on. ca.e, upon .urgical removal of 
the tumor, the granulocyte count rapidly declined toward, a 
normal level, strongly suggesting that CSF may be useful in 
regulating the numbers of circulating granulocytes. (Hocking, 
W., Goodman, J., and Golde, D. Biaad 600 (1983)). In 
particular, CSF compositions are useful clinically for the 
treatment of myelo-suppression caused by chemotherap.utical or 
irradiation treatment of cancer. In addition, CSF compositions 
are useful in treating severe infections because CSF can .ncr.ase 
and/or activate th._numb.r of granulocyte, and/or monocyte,. 

There are various different types o£ known CSF activities. 

,..„,. CSF (G-CSF). macrophage-CSF (M-CSF). 
l fl r»^r y «-«c^ CSF (CM-CSF, and .ulti-CSF. X*. P — 
tlventiol is P ac»c ttl «W co-c.rn.* with "Y^."' 
are *nown frc, var.au. ani.ai sources. However. ^ 
invention is P ar-. .cul.rly concerned with private CSF . more 
particularly human CSF Lr.d ape/CSF. 
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Biological and biochemical characterization of compositions 
having CSF activity, and study of these compositions in the 
clinical setting have been hampered to date by the scarcity and 
impurity of human and/or other primate CSF compositions. It can 
be appreciated that it would be desirable to identify the protein 
or protein, responsible for CSF activity. Furthermore, it would 
be desirable to have a primate, preferably human source of such 
CSF that could readily supply these proteins in quantities and 
purity sufficient for biological and biochemical characterization 

and for use as therapeutic agents. . , 

kecVntly developed techniques of molecular cloning ma*, t 
to clone a nucleotide sequence which encode, a protein 
L to produce that protein i»\uantity using a suitable 
h o t-vector system/Kanlatr., j tta X,W ^ 1 nn - > T^»t»V 
^ cold spring^^oTTIbtratory. Cold Spring Harbor. ■ T. 
1982) The protein can then be recovered by *nown separation and 
Nation technique.. Cloning methods which have been use to 
It can - ground into three general categories, U> methods 
based upon knowledge of the protein structure, for examp e, ,ts 
Zo acid^Zj- ^thods based upon — ^ °< 
th e protein^pTeTs^by the cloned gene using an anybody 
specific for that protein, and «,, methods based upon 
identification of an «* species which can be translated y~l 
the protein or activity encoded by the gene of interest. 
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Each of th.s. classes of methods becomes difficult to 
apply -h.n th. protein of interest, such as CSF protein, 
ls available in very low amount. Thus, if it is difficult 
to obtain an adequate quantity of purified protein, then 
it is difficult to determine the amino acid sequence or even 
p.rti.l sequences of the protein. Similarly, identification 
of an expressed protein by antibody binding is preferentially 
carried out using a high-titer monospecific polyclonal anti- 
serum, such an antiserum cannot be obtained in the absence 
of quantities of the pur. protein (antigen). * monoclonal 
antibody offer, an alternative approach, but the required 
antibodv can also b. difficult to obtain in th. absence 
of suitable antigen, and such monoclonal antibody may not react 
with th. pcot.in in th. form in which th. prot.in i. expressed by 
av.ilabl. recombinant host-vector system. Finally, translation 
of an RH* sp.ci.s to yield an id.ntifiabl. pcot.in or activity 
require, that the *XK in question b. pres.nt in fa. *NA source in 
suf fi=i.nt abundanc. to giv. a reliabl. protein or activity 
signal. Th. r.lativ. abundanc. of an R-MA encoding a parricuiar 
Prot.in g.nerally parall.ls th. abundanc. of th. protein, so tha-- 
a uc. prot.in ia usually .ncoded by a rare rnRMA. 

Th. MO c.ll lin. haa\b..n used both a., a starting aat.cial 
for purifying human<\ 3 F i /and for identifying th. corresponds 
merger >». ^wever. sven with this relatively ,ood source 
of CSF activity, it Has proved to be extr^ely difficult to 
isolate enough of th. protein for structural studies. 

in order to overcom. th. problems inherent in clcnir.g th. 
nucleotide soq,ence encoding a rare protein such as CSV by th. 
methods deserved above, a novel mathed was develop..!. This 
m .thod requires only that th. gen. product oc its activity -an a. 
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reliably measured. Suitable methods of CSF assay are descried 
in E xa»ple 2 hereinafter. In a second aspect, a purification 
process has been developed which enables the CSF protein 
f 0 be isolated and purified from either recombinant or natural 
sources in a level of purity and activity much h.gher than 
was previously possible. 

_ Li!LU _ r , 

I„ its first aspect the present invention overcomes 
e „. problems of the prior art and provides a ready source 
of protein having CSF activity using recombinant ^ 
ogy in accord -ith the present invention, a novel cloning 
technic, that require, only an assay for CSF act.v.ty ,s 
«tli,.d to clone =ONA coding for a ^ 
a-t«vity. Thus, the present, invention provide, 
coding for a protein having CSF activity (i.e. CSF/cDNA), a 
..icroorganism or cell line transformed with a recombinant vector 
containing such CSF/cDNA, and a method for producing CSF prot.xn 
by expressing ..id CSF/cDNA by culturing a microorganism or cell 
lin . Because the CSF protein i. produced from a clone in accord 
with the present invention, we can be sure that it is a protein 
that has CSF activity. The invention further comprises a method 
for preparing and isolating a transformation vector containing 
CSF/cDNA, said method comprising: 

preparing RNA from a cell that produces CSF; 
preparing polyadeny lated messenger RNA from said RHA; 
preparing single stranded cDNA from said messenger RKA; 
converting the single stranded cDNA to double stranded 

CDNA; 
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inserting the double stranded cDNA into transf oration 
vectors and transforming bacteria with said vector to foe. 

"^""'piCcino pooxs of 200 to 500 colonies each and isolating 

plasmid DNA from each pool; 

transfecting the plasmid DNA into suitable host cells 

for expressing CSF protein, 

culturing the transfected cells and assayxng the 

supernatant for CSF activity, and coloBie9 
selecting CSF positive pools and screening eh. colon.es 

The CSF proteins of this invention are growth and 
di£e erentiation hormone, for the cells of the peloid syste«. 
They are for example indicated for use clinically for the 

of myelo-suppression especially ^^"^^ 
g ranuiocyto-penia following chemotherapeutical or irradiate 
treatment ot cancer. 
ariec D^criPtion ^ ^8 Drawings 

ri,. 1 illustrate. DNA sequences that cod. for a CS* ^ 

protein in accord with th. present to a5 

, c variation of human C5f / tre&ej-j- 

oue in full " d " a £ 1 ° i r el °;:; d ; r 3 L £or : aI1 ide „ t i=al product except 
Zl^r r P os t^on nu^ered 100 is replaced by Xle «C«-I1.». 
^ changes Illustrated above for the human sequent . are or 
differences in the DNA sequence coding for gibbon (CSF 
difference wr „_ G) De duced amino acid sequences are 

of the Gibbon ape>(CSF-G>. Deauce 

also ^" 2 "^ d a 3che[natic illustrating the. preparation oe 
plasmid PTP0 from piasmid pAdD2 6 SVpA< 3 ) . 

Fig 3 is a schematic continuing from Fig. 2 and 
illustrating the preparation of plasmid p91023 from plasmid 

PT?L 'Fig. 4 * schematic continuing from Fig. 3 and 
illustrating = lisr.:± ?=>1023<a> 
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IS A Fl9 * I " 7 presentation of vector AJ-L4. 



6 is a schematic representation of vector P TALC-L85 R . 



Fig. 



7 is a schematic representat 



□atailed Description of th e Process 



The following definitions are supplied in order to 

. „uj« To the extent that 

faciliate the understanding of this case. 

_ M . ( ,;_ a circulating within the art, one 
the definitions vary from meaning circular. 

definitior.3 below are to control. 

Amplification means the process by which c.11. produce gene 
repeats within their chromosomal DNA. 

CSF i. a biological activity defined by th. assays as 

described herein. 

CSF protein is a protein frc» a prima*,, source that exhibits 
CSF activity. Tor purposes of th, present invention the\tern^SF 
protean includes modified CSF protein, allel.ic variations of CSF 
protein, and CSF protein preceded by a MET residue. 

Downstream means the direction going towards the 3- end of a 

nucleotide sequence. 

An enhancer is a nucleotide sequence that can potentiate the 
transcription of a gene independent of the position of th. 
enhancer in relation to th. g.n. or the orientation of the 
sequence. 

A gene is a deoxy ribonucleotide sequence coding for a given 
protein. For the purposes herein, a gene shall not include 
untranslated flanKing regions such as »A transcription 

initiation signals, polyadeny lation addition sites, promoters or 

enhancers . 

Ligation is the process of forming a phosphodiester bond 
between the 5 • and 3 • ends of two DNA strands. This may be 
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accomplished by several well known enzymatic techniques, 
including blunt end ligation by T4 ligase. 

Orientation refers to the order of nucleotides in a DNA 
sequence. An inverted orientation of a DNA sequence is one in 
which the 5* to 3' order of the sequence in relation to another 
sequence is reversed when compared to a point of reference in the 
DNA from which the sequence was obtained. Such points of 
reference can include the direction of transcription of other 
specified DNA sequences in the source DNA or the origin of 
replication of replicable vectors containing the sequence. 

Transcription means the synthesis of RNA from a DNA 

template. 

Transformation means changing a cell's genotype by the 
cellular uptake of exogenous DNA. Transformation may be detected 
in some cases by an alteration in cell phenotype. Transformed 
cells are called transf ormants . Pre-transf ormation cells are 
referred to as parental cells. 

Translation means the synthesis of a polypeptide from 
messenger RNA. 

Colony-stimulating factor activity (CSF) can be derived from 
a number of cellular sources including conditioned medium from 
peripheral blood mononuclear cells, lung and placental tissue, 
and bone marrow, urine from anemic patients, serum, and normal 
and neoplastic cells of T-lymphocyte and mononuclear phagocyte 
lineage. One cell line tha'c produces CSF is the Ho cell line 
deposited wi:h and available from ATCC under the code number 
CRL3066. The C5c produced by this cell line is known as granulocyte 
macrophage CSF (or GM-CSF) and it is of course a human CSF. 
One source of :^on CSF in the T-c.ll line designated UCD MLA- 
144 and deposed with and available from the ATCC under c.de 
number HB 9370 deposited September 29, 1983. 

-9- 
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in order to isolate a CSF clone in accord with the present 
invention, a novel procedure was used that requires only an assay 
technique for CSF activity. First, a cell that produces CSF 
activity such as T-lymphocyte cells (or other sources such as set 
forth above) is identified. The mRNA of the cell is then 
harvested. Preferably, T-lymphocyte cells are used. In such 
case the membrane bound mRNA, which contains the mRNA for 
lymphokines, is separated from free mRNA in the cells. This 
separation is believed to enrich the collected mRNA 5-10 times 
for lymphokine sequences and thus reduces the effort involved in 
identifying the desired CSF clone. Polyadenylated messenger RNA 
1b then prepared by chromatography on oligo dT cellulose. 

A CDNA library is prepared from the mRNA using a vector 
suitable for transfection into a host to express the desired 
protein having CSF activity. First, sttand- cDNA is prepared using 
standard methods using the mRNA prepared above. The RNA/cDNA 
hybrid is then converted to double-stranded cDNA form. The cDNA 
can then be inserted into a suitable vector. 

The preferred host-vector system for the isolation of a CSF 
clone is based on expression of the CSF cDNA in a suitable 
transformation vector. A suitable transformation vector can rely 
on the transient introduction of DNA into mammalian cells 
(Mellon, P., V. Parker, Y. Gluzman, T. Maniatis 1981 Cell 22 
279-288). in order to isolate the desired CSF transf ormants , it 
is not required that all cells of the population stably contain 
exogenous genes that express the desired CSF product. It is 
possible to transiently introduce exogenous genes into a 
subpopulation of cells such that the subpopulation will express 
the desired product over a period of several days. Because a 



-in- 



100-64L5 



selectable marker is not required in the transformation vector 
for the DNA transfection and expression system in accord with the 
present invention, the exogenous DNA can be lost upon growth of 
the cells over a 1-2 week period. However, 2-3 days after 

transfection of suitable mammalian cells, the desired products 

are found to be synthesized and can be detected. 

The host-vector system of choice is based on the development 

of CV-1 monkey cell lines transformed with a 

replication-origin-defectiv. SV40 DNA molecule (Oluxman, Y. , cell 
2i 175-182. 1931). «»• transformed monkey CV-1 cells containing 
defective SV40 DNA, designated COS (CV-1, origin defective, 
SV40) , do not contain a complete copy of th. 3V40 genoma, but 
produce high levels of large T antigen and are permissive for 
SV40 DNA replication. They also efficiently support th. 
replication of SV40 containing deletions in tho early region and 
of bacterial plasaid. which contain the SV40 origin of 
replication (Myers. R.M. * Til— *• ™>* H «««-"«»• 

Thus, this sys«« provides a means of amplifying transfected 
exogenous SNA via 3V40 mediated DNA replication in order to 
increase the level of n«.A and protein expressed from th. 
exogenous DNA. Hcw.ver, oth.r similar systems are also useful. 

vectors used for CSF expression typically contain various 
elements such as enhancers, prcmot.rs, introns, polyadenylation 
sites, 3- nonoodir-g regxon, and translational activators as will 
be described below. 

The vectors herein may include enhancers. Enhancers *re 
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functionally distinct from promoters, but appear to operate in 
concert with promoter-. Their function on the cellular level i, 
not well understood, out their unigu. characteristic is the 
ability to activate or potentiate transcription without being 
position or orientation dependent. Promoter, need to be upstream 
of the gene, while enhancer, may b. present up,tr.a» or 5' from 
t „. promoter, within the g.n. a, an intron, or downstream from 
th. 9*ne between the gene and a poly.d.nylation sit. or 3- from 
th , Wyadonylation/site. Inverted promoter, are not. functional, 
but >n^d^nT.r, are. Enhancer, are ci,-actin„ i.e., they 
have an effect on promoter, only if they are present on th. same 
DN A strand, for a gen.r.l discussion of enhancer, ,.. Khoury et 
al.. Cell 11: 313-3 14 (1983). 

Preferred enhancers for us. with mammalian cell, are 
obtained from animal viruses such a- simian virus 40, polyoma 
virus, bovine papilloma virus, retrovirus or adenovirus. 
Ideally, the enhancer should be from a virus for which th. host 
cell is permissive, i.e. which normally infect, cell, of the hop 
typ e. Viral enhancer, may be obtained readily f rom ^bUcallyy 
available viruses. The enhancer regions for several viruses, 
, g , Rous sarcoma virus and simian virus 40, are -ell known. 
See Luciw et al.. Cell 11=705-716 (1983). It would be a matter 
of routine molecular biology to excise these regions on the bas.s 
of published restriction maps for th. virus in question and, .f 

a eni icina the enhancer into 

j < *-Yx* sites to enable splicing 

necessary, modify tne 

th. vector as desired. For example, see Kaufman et al, J . Kol. 
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Bl.l./U*«l-»1 (1982) and Mol. Cell Biol. 2(11) : 1304-1319 
<1982) . Alternatively, the enhancer may be synthesized from 
serene, data, the sizes of viral enhancer, (generally less than 
.bout 150 bp) are sufficiently small that this could be 
accomplished practically. 

Another element which should be present in the vector 
assembly i. a poly.denylation splicing (or addition) site. This 
is . DHA sequence located downstream from the translated regions 
of . gene, shortly downstream from which in turn transcription 
stop, and adenine ribonucleotide, are added to form a polyad.nin. 
nucleotide tail at the 3' end of the me.s.nger RNA. 
Polyadenylation is important in stabilizing the messenger RNA 
against degradation in the cell, an event that reduces the level 
of messenger RNA and hence the level of product protein. 

Eucaryotic polyadenylation site, are well known. A 
co^Qsu*. sequence exist, among eucaryotic genes, the 
heWieotid. S-AAUAAA-3' is found 11-30 nucleotide, from the 
point at which polyadenylation starts. DHA sequence, containing 
polyadenylation sites may be obtained from virus., in accord with 
published reports. Exemplary polyadenylation sequences can be 
obtained from mouse beta-globin, and simian virus 40 late or 
early region genes, but viral polyadenylation sites are 
preferred. Since these sequences are known, they may be 
synthesized ia Xittt «- to the vectors in conventional 

fashion. 

Th. seance which separate, the polyadenylation sice fro. 
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tb . translational atop codon is preferably an untranslated DMA 
\,.quencs>uch a> an unpromoted eucaryotic gene. Since such 
I^e^s and gene, are not endowed with a promoter they -ill not 
b. expressed. The sequence should extend for a considerable 
distance, or. the order of up to about 1.000 ba.es, from the stop 
codon to the polyad.ny lation sit.. This 3" untranslated sequence 
generally results in an increase in product yields. The vector 
may terminate from aoout 30 bp downstream from the ( concensus J , 
polyadenylation sequence, but it is preferable to retain the 3- 
sequences found downstream from the polyadenylation site in its 
wild-type environment. These sequence, typically extend about 
from 200 to 600 base pairs downstream from the polyadenylation 
site. 

The presence of introns in the untranslated transcribed 
portion of the vector may increase product yields. Such introns 
M y be obtaxned from other source, than either^e host cells or 
the gene sources. For example, a hybr id (infc£o] comprising a 5' 
splice site firoa the second intron of the adenovirus tripartite 
leader and a 3' splice site fro* an immunoglobulin gene inserted 
downstream fron transcription start site in che adenovirus m.joc 
late promoter results in increased product yield. 

in the preferred embodiment of the CSP cloning and 
expression vector there is a translational activator gene. 
Translational activators are genes which encode either protein or 
RNA products which affect translation of a desired mRNA. The 
best example is the adenovirus virus-associated (VA) gene (VAI> 



which is transcribed into a short RHA species that interacts with 
aeq »ences in th. V untranslated region of the adenovirus major 
iat. raRNAs (Thimmappaya et al., 1982 Cell 3 S43, . The necessary 
fences for translaticnal activation by VA RHA lie within the 
adenovirus late mRKA tripartite leader. The adenovirus 
tripartite leader is spliced together from noncontiguous regions 
of the adenovirus genome and is present on th. 3' and of the 
adenovirus major late transcripts. VA RHA can interact to 
activate translation of .*». which contain the tripartite leader 
s. q u.nce. Thus. th. preferred cONA cloning and expression vector 
contain, th. spliced for. of th. tripartite le.d.r, and the 
adenovirus VA genes. 

Th... vectors can be synthesized by technique, well known to 
tho.e skilled in this art. The components of th. v.ctor. such as 
enhancers, promoters, and the like may be obtained from natural 
sources or synthesized a. described above. Basically, if th. 
compon.nts ar. found in DNA av.ilabl. in large quantity, e.g. 
components such a. viral functions, or if they may be 
synthesized, e.g. polyadenylation sites, then with appropriate 
us. of restriction enzymes large quantities of v.ctor may be 
obtained by simply culturing th. source organism, digesting its 
DNA with an appropriate endonucleas. , separating the DNA 
fragments, identifying the DNA containing the element of interest 
and recovering same. Ordinarily, a transforation vector will be 
assembled in small quantity and then ligated to a suitable 
autonomously replicating synthesis vector such as a procaryot.c 
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plasmid or phage. The pBR322 plasmid may be used in most cases. 
See Kaufman et al., qjjl. pit . 

The synthesis vectors are used to clone the ligated 
transformation vectors in conventional fashion, e.g. by 
tcansfection of a permissive procaryotic organism, replication of 
the synthesis vector to high copy number and recovery of the 
synthesis vector by cell lysis and separation of the synthesis 
vector from cell debris. 

The vectors containing cDNA prepared from a cell that 
produces CSFT aactivity are then transf ected into E. coli and 
plated out on petri dishes at approximately 2000 colonies per 
dish. The colonies are lifted off onto a nitrocellulose filter 
and the filter is transferred to a new plate which is kept as a 
master. After growing these colonies, replicas are made and 
aligned with the original by careful marking so that sections of 
the replica filters can be identified with the corresponding 
portion of the master plate. 

Each replica filter is cut into sections containing a 
predetermined number of colonies per section, preferably about 
200-500 colonies per section. The colonies from each section are 
scraped into mediuim such as L-Broth, the bacteria collected by 
centcif ugation and the plasmid DNA separated. The plasmid DNA 
from each section is transfected into a suitable host for 
expression of protein. The preferred synthesis vector herein is 
a mutant of the E. coli plasmid pBR322 in which sequences have 
been deleted that are deleterious to eucaryotic cells. See 
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Kaufman et al., c*. filt. Use of this mutant obviates any need to 
delete the plasmid residue prior to transf ection . After growing 
the transfected cells , the medium is assayed for CSF activity. 
A positive assay indicates that a - colony containing CSF/cDNA is 
on a particular section of a filter. 

To determine which of the clones on the section of the 
original master filter contains CSF/cDNA, each clone on the 
filter section is picked and grown. The cultures are then placed 
in a matrix. Pools are prepared from each horizontal row and 
vertical column of the matrix. DNA samples are prepared from 
each pooled culture and transfected into the host cells for 
expression. Supernatants from these pools are assayed for CSF 
activity. One vertical column pool and horizontal row pool 
should produce CSF activity. The clone common to these pools 
will contain CSF/cDNA. If the matrix contains more than one 
positive clone, more than one column and row will be positive, 
in such case, further screening of a small number of clones may 
be necessary. 

The CSF/cDNA is excised from the clones by restriction 
enzymes and can be sequenced by known techniques. It can be 
readily appreciated that the procedure described herein can be 
used to obtain CSF/cDNA from any source. The complete DNA 
sequence of a CSF/cDNA in accord with the invention is 
illustrated in Fig. 1 along with the predicted amino acid 
sequence of the translated CSF protein product. 

The DNA sequence coding for a protein exhibiting CSF 
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activity in accord with the present invention, such as 
illustrated in Fig. 1. can be modified by conventional techniques 
to produce variations in the final CSF protein which still have 
CSF activity in the assay tests described herein. Thus, for 
example, on., two. three, four or five amino acids can be 
replaced by other amino acids. B.lqi.n Patent No. 898,016, which 
is incorporated herein by reference, describe, on. such typical 
technique for replacing cysteine by, e.g.. serine. 

CSF/cDNA in accord with this invention includes the nature 
CSF/cDNA gene preceded by an ATG codon and CSF/cDNA coding for 
allelic variations of CSF protein. One allele is illustrated in 
Fig 1 Another allele that we discovered has a thymidine 
residue at position 365 instead of the cytosine residue 
illustrated in Fig. 1. The CSF protein of this invention 
includes the 1-methionine derivative of CSF protein (Met-CSF, and 
allelic variations of CSF protein. The mature CSF protein 
illustrated by the sequence in Pi,. 1 begins with the sequence 
Ala- Pro- Ala- Arg- the beginning of which is depicted by an arrow 
after nucleotide number 59 in Fig. 1- The Met-CSF would b.gxn 
with the sequence Met- Ala- Pro -Ala -Arg •• • The allele variation 
illustrated in Fig. 1 has a Thr at amino acid residue number 
100 (beginning at Ala after the arrow) and can be referred 
to as CSF(Thr). Another variation has an He residue at 
position 100 and can be referred to as CSF (He). Purified 
CSF protein of the present invention exhibits a specific 
activity of at least 10 7 units/mg of protein and preferably 
at least 4 x 10 7 units/mg when assayed with human bone marrow 
cells . 
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Host-vector systems for the expression of CSF may be 
procaryotic or eucaryotic, but the complexity of CSF may make the 
preferred expression system a mammalian one. Expression is 
easily accomplished by transforming procaryotic or eucaryotic 
cells with a suitable CSF vector. The DNA sequence obtained by 
the above described procedure can be expressed directly in 
mammalian cells under the control of suitable promoter. 
Heterologous promoters well-known by those skilled in the art can 
be used. In order to express CSF in procaryotic or in yeast 
cells, the leader sequence (or secretory sequence) must be 
removed. The position of the codon for the N-terminus of the 
mature CSF protein is illustrated in Fig. 1. This can be done 
using standard techniques known by those skilled in the art. 
Once the desired CSF/cDNA clone is obtained, known and 
appropriate means are utilized to express the CSF protein, e.g. 
insertion into an appropriate vector, and transfection of the 
vector into an appropriate host cell, selection of transformed 
cells, and culture of these tr ansf ormants to express CSF 
activity. Suitable host cells include bacteria, e.g. E. coli, yeast, 
mammalian e.g. CHO, and insect cells. The CSF protein thus produced 
may have a methionine group at the N-terminus of the protein 
(herein called Met-CSF). The mature protein produced by procaryotic 
and eucaryotic cells will be otherwise identical in amino acid 
sequence, but the eucaryotic product may be glycosylated to the 
same or a different extent as in the natural product. 
Various methods of obtaining CSF protein in accordance with 
the convention are illustrated in the Examples hereinafter. 
Other methods or materials, e.g. vectors, will be readily 
apparent to those skilled in the art on the basis of the 
Examples and the foregoing description. 

CSF protein expressed in appropriate procaryotic or 
eucaryotic cells can be recovered by purification and separa- 
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c ion techniques known to those skilled in the art. However, 
as indicated the present invention also provides a purification 
process which enables CSF protein from both recombinant and 
natural sources to be obtained in high purity and activity. 

Summary of the Purification process of the Invention 

The present invention overcomes the problems of the 
prior art and provides a method for purifying protein having 
CSP activity. CSF protein in accord with the present invent! 
has specific activity of at least about fl x 10 Junits per 
mg of protein, preferably at least; 2 x 10 7 ; units pec mg of 
protein and more preferably at least about 4 x 10 units 
per mg of protein when assayed the human bone marrow assay 

in accord with the present invention, a method for 
purifying CSF protein comprises: precipitating the protei 
with ammonium sulfate at 80* saturation to form a pellet 
containing the CSF protein; resuspending the pellet in a 
buffered solution at a pH in the range of about 6 to about 
3; applying the buffered solution containing CSF to a chromato- 
graphic column, eluting with the buffered solution containing 
sodium chloride and collecting the fractions having CSF 
activity? pooling the active fractions, applying them to 
a C4 reverse phase column and eluting with a 0 to 90% aceton- 
itrile gradient to collect the active fraction. 

Brie g Desc ri ption of t h e Drawings relating to the purification 
process 

Fig. 5 illustrates SDS-PAGE analysis of the purified 
CSF protein. 

. Detailed Description o f the purification process of the 
Invention 

The CSF srr.ein to be purified in accordance with the 
process off the mention can be derived from any of the natural 
sources described above as starting sources for the recombinant 
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DNA process, for example the Mo cell line or the UCD MLA-L44 
Gibbon cell line. 

Alt.rnativ.ly. th. CSF protein may be produced using 
th . recombinant DMA techniques of the invention. 

CSFs from any source can be purified by the process 
ot th. present invention. Th. conditioned medium from any 
source of CSF protein is preferably concentrated by ultra- 
etltration to a protein concentration of at least about 0.1 
ma protein per ml. Th. protein is then precipitated by adding 
a^onium sulfat. to 80» of saturation. Th. resulting pellet 
i, reeuspended in an aqueous solution buffered at a pS in 
th. rang, of about * to about 8. Exampl.s of suitabl. buffers 
includ. Tris-HCl. HEPES, sodium citrate, and th. 

Th. buffered solution is fractionated by column chromato- 
graphy. Suitabl. materials for us. in th. chromatography 
column are octyls^olTaros-. DEAE-ultrog.l. AcA44-ultrog.l., 
AcA-54 ultogjU^nd th. Ilk.. One or ,oc. of th.s« mat.rials 
can be^uled' in Tequenc^C" obtain higher purity. 

Fractions form ^ ch column are collected and assayed 
for CSF activity. Th. activ. fraction, ar. pool.d and diluted 
with trifluoroactic acid (TFA) . heptaf luorobutyric add 
(HFBA). or th. li*.. and applied to a C4 revers. phas. column. 
Th. CSF activity is then eiut.d using a 0-90* acetonitrile 
gradient in TFA or HFBA, preferably at a concentration of 
0 10% or 0.1S» (vol/vol) respectively, depending upon whxch 
acid was used to apply th. pooled fractions to the column. 

The fractions having CSF activity ar. analyzed by SOS 
polyacrylamide gel electrophoresis (13.5% gel a, described 
L Lammli. U. Nature 227. 680 (1970)). Additional treatments 
using che above mentioned chromatographic column materials 
can further purify the CSF protein to homogeneity. 

Purified CS? protein fractionated by SOS-PAGE revealed 
a heterogeneous CSF prot.in having an apparent molecular 
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weight in the range of about 15,000 to about 26,000 daltons. 
This apparent sire heterogeneity is due to the extensive 
glycosylate of the protein and is a common feature of gly- 
coproteins. Fractionation of less purified samples from Mo 
cell conditioned medium by SDS-PAGE (under non-reducing 
conditions) and assaying protein eluted from the gel revealed 
the presence of a second protein having CSF acitivity having 
an apparent molecular weight of about 28,000 to 30,000. 

CSF activity binds and elutes from octylsepharose , DEAE 
ultrogel and the C4 reverse phase column. Roughly 60% of 
the CSF activity binds a Con-A sepharose (40% flow through) 
and can be eluted with alpha methylmannoside . 

Molecular weight analysis of recombinant CSF by gel 
filtration in low salt revealed that about 30% of the activity 
eluted with an estimated molecular weight of about 19,000 
but 70% of the material behaved as dinars, eluting at a 
position corresponding to a molecular weight of about 38,000. 
If 1M NaCI* is included, in this column, all of the activity 
elutes in a broad peak at about 19,000 daltons. 

The purified CSF is stable for at least 16 hours when 
i-cuba--d at 4«C ( pH 7.4) in 4M guanidine hydrochloride; 
in 10mM EDTA; 10mM 2-mercaptoethanol ; and in 30% (v/v) ethanol. 
The CSF activity also is stable in 0 . 1% trif luroacetic acid 
(TFA) ( P H 2.0) and 0.1% TFA plus 25% (v/v) acetonitr He . 

AS aforesaid, the CSF protein in accord with the present 
invention is indicated for use in the treatment of myelo- 
suppression such as (symptomatic) granulocytopenia, for example 
caused by chemotherapeutical or radiation treatment of cancer, 
in addition, CSF proteins of the invention are indicated 
for use m -the treatment of severe infection. For such use, 
an indicated dosage of about 200 to 1000 ug per patient is 
typically indicated. The CSF protein is preferably injected 
into the oacier.t -.-.-.ravenously in a suitable pharmacological 
carrier. Exarp.es of such carriers include pharmacological 
saline and rv-rrar. serum albumin in saline. 
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tn addition, the CSF proteins of the invention have 
oth .r activities and use,. Tor instance, it has been shown 
th at murine CSF, activate neutrophils. Thus. it would be 
expected that the primate CSF, of the present invention will 
"so activate neutrophils. Therefore, physiological functions 
of CSF may be serveralf old. In the .one marrow, this lympho^ne 
can stimulate proliferation and differentiation of effector 
=.11, for host defense while, in the periphery, new »* • 
e'istin, cells can be activated. In a localised immunological 
respcns. CSF can retain circulating neutrophil, in or away 
from area, of inflammation. Inappropriate localization and/or 
activation of neutrophil, can be involved in the patho- 
physiology ofa variety of immune-mediated disorder, such 

"^~I^ro n h wili%. father und.rstood -it. reference to 
the following illustrative embodiment,, which are purely 
exemplary, and should not be ta>.n as UmV*~J« «- «- 
of th. present invention, a, described in th. claims. 

In th. example,, unless otherwise specified, temperature, 

KelLctioJendonucleas., are utilize under the conditions 
and in th. manner recommended by their commercial suppliers. 
Ration region, ar. carried out a. deacrib.d by Kaniati, ut 
al 245-«, th. disclosure of^hich i, incorporated 

■ herein by refine usin, the bjgfjj described at pa g . !«• 
thereof and usin. a DNA concentratipn or 1-10C at a 

temperature of 23«C for ,lurt ended M and 1.-C .or "stic.y 
end.d- «*. E ie=tro P hor«is is den. i, 0.3-1 .« ^ 

». /n .< EOT* All radiolabeled DSiA 

contains 90 m* ^rbocateyiO ** EOTA. All 

1. 'ab.led -i-.S. »». whatever labeling technique wa, used. 

" 3y "capid peep- is -ant a rapid, small scale production or 
hact.tiopha^ cr plasmid OHA, a, described by Kaniatis 

al., auiliAr P- 365-371. 
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SAMPLE A 
step l. Ho C 11 T - in * cultures 

Mo cells (ATCC CRL 8066) were grown routinely in Alpha (6% 
C0 2 ) or Iscove's (10% C0 2 > medium containing 20% Petal Calf Serum 
(FCS), 2mM glutamine, 100 O/ml streptomycin and 100 ug/ml 
penicillin. The cells should be subcultured every 4-5 days. 
Cells are counted and seeded into Falcon T-175 flasks in 100-150 
ml medium at density of 3-4 x 10S cells/ml. Cells will double in 
20% FCS every 4-7 days. Growth rate is not constant and cells 
may sometimes appear to stop growing then go through bursts of 
growth. Ho cells can be grown in serum-free medium. Survival is 
much better when cells are not washed when transferred from FCS 
to serum-free medium. Optimal density in Serum-Free medium CSF) 
ia S x 105 cells/ml. Cells will grow slightly (or at least 
maintain constant number) for 3 days in serum-free medium, and 
then should be fed 20% FCS for at least 4 days. This growth 
schedule (3 days sr. < 20% PCS) can b * r ^ ated we#kly if S? 

medium is required, with no apparent harm to the cells for 
several months* 

Step. 2 fr««»v« for CSF ACtlVltV 
A. Bone Marrow Assay 

Obtain fresh bone marrow. Break apart spicules by drawing 
through 20, 22, then 25 gauge needle. Dilute 1:1 with sterile 
phosphate-buffered saline (PBS) (room temperature) and layer over 
Ficoll-Paque (about 30 ml BM-PBS over 6 ml Ficoll) . Spin at 1500 
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rpm for 40 minutes at room temperature. Remove fat and PBS layer 
and discard. Pipette off the light density layer. Wash 2x with 
PBS and count. Plate cells in RPMI (purchased from GIBCO as RPMI 
1640) plus 10% HIPCS (heat inactivated PCS) for 3 hours to remove 
adherent cells. 

Plating medium (make fresh) : 
20% FCS 

0.3% agar dissolved in H2O cooled to 40°C 
2x Iscoves (1:1 v/v with Agar) 

1% P/S final concentration of lOOU/ml streptomycin, 

100 ug/ml penicillin 
10-4m alpha thioglycerol in 2x iscoves from 10-2m 

stock 

Cool agar to about 40*. Mix with other ingredients. 
Cool in H2O bath to 37-38 # and hold at that 
temperature. 

Af ter _3_ hour s , pipette off the non-adherent cells. Spin and 
count. Add 2 x 10^ cells/ml of plating medium and keep in 
controlled temperature water bath at 37-38°. Add samples (e.g., 
medium from transfected cells; usually 10 m! sample) to the first 
row of wells of a microtiter plate in duplicate. Add 100 ,ul cell 
suspension to each well. Add additional 50 jal of cell suspension 
to each well in the first row. Mix thoroughly and transfer 50 /_il 
of solution from the first row into the next row, etc. and 
continue 1:3 dilutions across plate. Wrap the plate in parafilm. 
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incubat. 10-14 days at 10% C0 2 , 37*C in fully humidified 
atmosph.r. and score colonics. 

To scot. the colonies. th. total numb.r of colonies that 
grow in each w.ll is counted. In each assay, several wells ace 
plated without including a sample (blank) to obtain a background 
colony count. The average number of colonies that grew in the 
blank wells is subtracted from th. number of colonies found in 
each of th. w.lls containing samples. One unit of_C« is the 
amount that -ill stimulat. th. formation of on. colony above th. 
background l.v.l per 10* human bon. -arrow c.ll. (plated at 10* 
ells p« ml) when th. CSF concentration is sub-saturating . The 
sub-saturacing concentration is d.t.rain.d by dilution and 
comparing th. number of colonies at various dilution, to find the 
conc.ntration ju=t ielow the saturation level. 

For tlks assay, th. colonies containing granulocytes, 
(U^oc^tesJ-- both: types cf calls are counted. Th. type, of cells 
in th. colonies are d.t.rmined by picking colonies and staining 
Individual calls. 

B. KS-1 C.11 Assay 

KG-1 c.11. (UJLMd. vol. SS. Hoy (1980)) ar. <rown in 
lacov.. medium * 10% FCS passed 2xje-r week and seeded for each 
passag. at 2xl 0 5 cells/ml. Th. c*ll, are used for assay enly 
P ^ ,o|.|Si between 30-35. Th, assay i, the same as for bone .arrow 

a. described above, except the KG-1 cells are plated in agar 
mixture at 4xl0 3 cells/ml. 
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Th. nuab.r of colonies growing in each well is determined 
and th. background count is subtracted as in the gone Mar cow 
assay described above. One RG-1 CSP unit/ml is that 
concentration o£ CSP that will stimulate half of the »«i»u. 
number (saturation) of M-l colonies to grow. The nu.ter 
1, obtained by including a saturating level of C3P in several 



wells. 



stap j. - flr -»^H M of Vnctor n<n023ia l, 

-he transformation vector was P Ad026SVpA<3> described by 
(Kaufman at .1.. Hoi. Cell Biol. 2(11) ,1304-1319 119821 . It ha, 
th. structure illustrated in Pig. 2. Briefly this placid 
contain, a mouse dihydrof olat. reductase (DHFR) cCKA gen. that is 
u -der transcriptional control of th. adenovirus 2 (Ad2> major 
late prater. A3-' splice site is included in th. ad.novir,. 
DNA and a 3- splice site, d.rived fro* an immunoglobulin gene, is 
present bat-ear. <:h. Ad2 major late promoter and the DHFR coding 
sequence- Th. 3V«0 o.cly polyad.nylation site is present 
downstream from the DHFR coding sequence. The T . 

procaryotic-derived section of pAdD2SSVpA(3> is fron^ps^ij K 
(M.llon, P. t Parser. V.. Sluzman, *. and Mani.tis, T. 1981. Cell 
22.. 279-288) aud does not contain th. P 8R322 sequences known to 
inhibit replication in mamxalian cell. (r.u,*y, M. , and Bote*..-.. 
H. 1S81. nature (tendon) 23it 79-81. / 

P AdC2SSVpA(3) is converted into plasmid _pCV|V^ as 
illustrated in rig- 2. pAdD2 !i SV ? A(3) is converted into ? l«-id 
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P AdD26SVpA ( 3) <d> by deletion of one of the two Pstl sites in 
P AdD2«SVpA<3> . This is accomplished by a partial digestion with 
P,tl (using a deficiency of enjcym. activity so that a 
subpopulation of linearized plasmids can be obtained in which 
only on. nel sit. is cleaved), then treatment with Klenow, 
ligation to ^circularize the plasmid, transformation of £^flOi 
and screening for deletion of the Pstl sit. located 3- of the 
SV40 polyadenylation sequence. 

The adenovirus tripartite leader and virus associated gene, 
<VA gene.) v.r. inserted into P Ad02«SVpA<3> (d> a. illustrated in 
Pig. 2. first, P AdD26SVpAC3) Cd) wa. cleaved with PvuII to make a 
li»..r molecule opened within the 3' portion of th. first of the 
thre. elements comprising th. tripartita l.ad.r. Then. pJAW 43 
CZain et al. 1979. Cell li 8S1) was digested with Xho 1. treated 
with Klenow, digested with PvuII. and th. 140 bas. pair fragme.,0 
ccntair-ing the second and part of th. third leaders wa, isolate* 
by electrophoresis on an acrylamid. gel (6% in Tri. berate 
buffer; M.ni.ti. et al. (1982! supra). Th. 140 bp f.agaent wa. 
ch-n ligated to th. PvuII digested pAd026SVpA<3> (d) . The 
ligation product was used to transform £^LL to tetracycline 
re.lst.nc. and coloni.s w.r. scr..n.d using th. crun.t.ln-Hognes. 
pcocdur. using a 32 P Celled prob. hybridizing to th. 140 base 
pair fragment. DNA was prepared from positively hybridiz rr.g 
colonies to test whether th. PvuII sit. reconstructed was J 'or 3" 
of th. inserted 140 oas. pair DNA sp.cific to th. 2nd «nd 3rd 
adenovirus late Leaders. rn th. correct orientation of th. P-II 
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3tta is on th. 5" aid. of th. 140 bas. P-i« Thi » E" 1 "™" 

13 designated pTPL in Pig- 2 * 

Th. Av. II D fragm.nt of SV40 containing the SV40 enhancer 
s .gu.nc. was obtain.* by digesting SV40 dna with Ava n. blunting 
th . ends with Kl.no- fraag*.nt of Pol I. lining «»• 1 llnlc.r. 
to th. fragments, dig.sting with xho 1 to o P .n th. Xho 1 .ito. 
a nd isolating th. fourth largest ,(D) fragment by g.l 
,l.ctrophor.si». This fragment 'was then 1 igat.d to Xho 1 cut 
PTWL yi.lding th. pla.-id pCVSVU-m.. Th. ori.nt.tion of th. 

SV40 O Fragm.nt in — th « e ^ W *° 1-M , 

promot.r is i„ / h«^Tri.ntation a. th. ad.noviru, ».,or lat. 

promofc«r. s-" 

-o tfntroduc. th. ad.noviru. virus asscciat.d CVA) g.n.s into 
th. PCV3VI.2-TPL, first a plasmi* F3R3 22 is construct.* that 
contain, th. adenovirus typ. 2 eind i:l 3 frag».nt. Ad.noviru. 
typ. 2 OKA is digested withjjind III and th. 3 fr.ga.nt is 
l3 olat.d aft.r g.l electrophoresis. This fragment is then 
ins.rt.d into pU»* vhich has previously been digested with Hind 
HI. Aft.r transformation of E. coll to amoicillin resistance, 
c «combinant. ar. sc=..n.d for insertion of th. Hind III B 
fragment and th. insscted orientation is d.t.rain.d by 
restriction .-.y~ dige.tion. pBR3 22 - Ad alnd III B contains 
«. ad.noviru. type 2 Hind III B fragment in th. orientation 

d.pictad in ?ig- •> • 

M illustrated in Fig. 3. « *•«•" "•' ==" v * nien ^ 

obtained from e la,mid^HU2£Ad Hind HI > by dia.sting with Hpa 



5>o 



LOQ-64 LS 



x adding EcoRl liners and dieting with EcoRl, and recovering 
t l. i.ttb fc.ga.nt. Th. t »9~nt having EcoRl .tleky ends is 
tM „ ligat.d into th, EcoRl sit. of P«L <which had obviously 

b ..„ digested with/^coRlii *"« «— "«f- tlOB »*^£2^!i 
and selection for ^a^linel^istanssJcolonie, ace screened 
by filter hybridization to a OHA probe specific to the V,. genes. 
DNA is prepared «r,» positively hybridizing clones and 
characterized by restriction endonucle.se digestion. Th. product 
plasmid is d.sigr.atad p91023. 

a EcoRl site, in p91023 ar. removed. p910« 1. cut to 
completion with EcoRl. generating two DNA rragn^ on. about 
7Kb and th. oth.r about a 1.3 «, frag».»* containing th. VA 
genes. «. «*- o* -th fragments ar. M lW in using th. Xl.now 
^ag.ent of Poll, and then Uoth&raomentsji..- 1.3 Kb, 7Kb, are 
-e'igat.d together. A plasoid p91C23<A> containing th. VA gone. 
L«d t» P«°» but dolet.d for th. 2 >co«l sices is 

Identified by orun.tair.-Hogn.ss screening -ith th. VA gen. 
f-aga.r.t. »nd by conventional restriction sit. analyse. 

^.en th. singl. Ntl "ta in P 91023<A> is removed and 
c .plac.d with « EcoRl site- P*XOM«JU 1- c« to coition with 
, 9t l, and then treated with Kl,»ow rragn-ent .f Poll *» ,.narat. 
'flush .nds. EcoRl linger, ar. lig.t.d to th. blunted P.tl =it. 
of p91023<.O. Th. linear p91023<A>, with EcoRl liters attached 
at th. blunted ,s,l sit. is separated frc unllgat.d li»*.» and 
Rested J coition with EcoRl. and then related. A P l«- 
{^1023^,4 * and ^entifi.d ,o „ "ucture ««X.c 
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to p91023<A), but with an EccRl sit. situated at th. previous 
pstl »it«. 

stap 4.) °"i"" >ln " of rnwft T-ibraty 

W cells w«e induced for 16-20 hrs. with PHA and =KA to 
enhance their lyphokin. production. C.11. were plated at 5 x 
105 dis/ml in I.cov.'s -at- -1th 20% FCS. 0.3* <v/v, PHA and 
S ng/ml TP A. The cell, were collected by c.ntrif ug.tion. Th. 
^ZZZi c.11. w.r. r..u.p.nd.d in 20 ml of i« cold hypotonic 
ly ,l. buff.r (RSB buffer, 0.01H Tri.-HCl. W 7.4, 0.01M KC1, 
0.0015M M,C1 2 , 1 ua/«l cycloh.xi.id.. 50 units/ml RHASin and S oM 
dithiothr.itol). Th. cell, were allows to ,w.ll on ic. for fiv. 
minute, th.n were ruptured mechanically with 10 stro*., of a 
tight fitting dounc. glass homog.nix.c T*m ho«og.n.t. wa. 
centrifuged at low spe.d (2000 RPH in * Bscfcnan J* c.ntrifuge. to 
r .„ov. nucl.i and unlys.d ceils. Th. sup.rnat.nt wa. held on .c. 
while th. nuclear pellet was r«.u,p.nd.d in 10 nl of aSB and 
re-c.ntcifug.d at low speed. This second supernatant -a, pooled 
with the first and th. combined supernatant, were centrifuged at 
low sp..d to r«nov. re.idu.l contamination with nuclei and 
u»ly..d c.11.. Th. ,up.rn.t.»t fro. this spin was brought co 
3 1SH KC1 by addition of 2* KC1 th.n c.ntrifuged at high speed 
<„,000 RP«, S-c«wn SW 28 rocor for 30 minutes, to pellet th. 
aembran.s. The -nembcar.e pellet wa, carefully wa-h.d with cold 
,SB then =esus F ,nd.d in 12 xl of RSB containing 2 M sucrose and 
, 1SK Kl two discontinuous gradient, -ere prepared in aecKman 
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\ W4 1 ««t«lfu,.\tub.. by lay.rin, 6 ml of th. ».«°«n. solution 
^ TT ^^ 0 ^Tv« 2 ml of RSB with 2.5 « sucrose and 0.1SM KC1. 
tub.. w.c. flll.d to tb. top by ov.rlaying "i<* 2.5 °± »f RSB 

n ism KC1. Th«s« gradients were spun 
containing 1.3M .ucros. and 0.1SH KCi. 

£o r 4 hours at 27.000 RPM (B.cKman, SW41 rotor) at 4-C. Th. 
„ Bbt .n. lay.r (at th. int.rfac. b.tw..n th. 2.0* and 1.3H 
,»cro..» -a. car.fully r«ov.d fro. th. .id. u.ing an 13 gauge 
n..dl. and syrlng.. Th. »«abr.». fraction, fro. th. two 
g r .di.»t. -.r. pool.d and dilut.d with 1 volu». of di.tilLd H 2 0 
th.n brought to 0.5% Triton X-100 and 0.5% sodiu. d.o,y=holat. 
th.n .xtract.d with an •,«.! vol— of ph.nol. Th. a,u.ou. lay.r 
v.. r-.xtract.d with a 1.1 mixtur. of ph.nol and chlorofor. and 
finally an eo.u.1 vol— of chloroform. rlniUl*. th. — «— 
bou „d RNA wa. precipitat.d by addition of Had to 0.25H and 2.5 
vol— of cold ethanol and incubafd ov.rnigh* at -20-C. Th. 
Precipitated RKA wa. coil.ct.d by c.ntrif ug.tion (4000 m for 10 
„i„. in th. a.c*«.» J-« cntrifug.) and wa, ra.u,p.nd.d in 1 -1 
of distilled — «• rro. 2X1C9 cel i„ approxi«at.ly 1 a, of KKA 
w«. obtain.*. Th. m....ng.r ^ "~ / 

totl SNA by chro.otogr.phy on a 0.5 ml oligo^c.^lulosyj/ 
coluan . 8 ri.fly th. «*A w« *«at.d « 70-C for 5 «i»., ,«ict 
Chilli on ice, th.n dilut.d 5 fold with roo. te.p.ratur. binding 
bU ff.C C0.5M L1C1. ..«. TriS- H Cl, PH 7.4, 0.002 « SOT*, and 0.1% 
SDS , . Th. P.NA ,n binding buf f.r wa. passed over tb. olr,o 
ax-cllulo,. column «,uilibrat.d with binding buffer at roo. 
-.e^rature. Tb. =olu»n wa, .a.hcd with 5 1 of binding buf.er 
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th . n with 5 ul of 0.15* LiCl. 0.01* T.l-HCl " ^ EDTA. 

and 0.1% SDS. Finally, ™^ w. .luted with 2 =1 of 0.01M 
«i.-HCl PH7.4, 0.002H 5DTA# and 0.1» SDS. The -«« was 
pt .cioitat.d oy addition of HaCI to 0.25 M and 2.5 volume, of 
P . . . , 0 . c The precipitated aRNA 

ethanol and incubation at -20 C. Th p V 

collected hy c.ntrifu,»tio„ (30.000 HP* foe 30 »inute, « a 
Tec^ s: 5 rotor,. *. tuh. -« — — - - — 
/.lie, -as —ended in SO -X of Hl 0 . «. — ~* - 
b rou,h* to 0.25M saci thj^tr.cted 1 tin. «lth a 1,1 -ix .f 
phenol and chlorofor* ^3 ti»e. -1th chloroform Xh. — ... 
precipitated ,y the addition of 2.5 ~lu.es of ethanol. — 

b .th then » — in - " -»" ita '- 

t , Jb . -a. carefully drained and the ,*» «. ..suspended 

„ ul of distilled « a „. TU. final yll* -« appro.i^taiy a, 

of raiUIA. v ^ 

Flt st -«,nd C3SA -as prepared u.in, standard a.thods. 

nriofiy, i. - o £ — .« — «. — - • 100 :- D ;;\ rt 

synthesis paction »V,tur. containing 300 aH Tris a^y 
.CI. Vo - *,C1 2 , 10 OH 3-»«capto.tha„ol. 500 uK each of 
1^T«CT» and 4K». 5 of olioo-d. (phosphoryl.ted and 

e six- of '2-19. a- P«t—. "0 uCl of 32 ? «TP <400 

:;:ri.; and 20-unit, ^ ~« — — ■ ~ 

; M c-lon was initiated hy addition of 1C0 unit, of r.vsrs. 
"nscrictas. and incused for 30 minutes at ,,-C. react on 

r, stooped oy Edition of to .0 - «- the - wa, deeded 
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by incuhation <•. 20 nin. « «-e in 0.2H HaOB. The ha,, wa, 
^.U-XU* h y addition o< 20 ul 2 M P* T^h. «~"<» 

Bl , „. th.n .xtc.ct.d with ph-noi/chOoco^bac, extcacted 

* , m» edTA (TB) and the aqueous 

;;: ^jl - * — - - hout v;::r it 40 

unit, o £ th. KX.no- e^.nt oe OH. - 

..action contains SO p.«-i- pho.phat., P* T.4. ^ 

D «. 2 - M r=.pto.th.nol. 10*. >«C1,. 150 uHolac .ach .« th. ♦ 

l.otid. triphoaph-f and « «Ci .*■«» *» 
d.oxynucleotid. tciph ph#B0 l/ehloto f or« and th. 

D ha.. ov.r a 1 ml .-P*—« ^ COlUBn - ^ 
w.c. pool.d and .thanol pc.cipitat.d. 

cONA P.ll.t ah.d with cold .thanol then 

«, J3 ;.„d.d in ,00 ul o £ ^ «i- 1 — — " 

ad.no.Vl-«-lonln.. and 300 unit, o< £ co.,l « 

^ „.c. *. — - — - "i::r;;; 

.h.nol/chloco £ oc» and th. ».th y lat,d cO*. — *ol-~«d h, 

at 30-C foe 30 M inut... Th. paction was stopped 
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of 20-M Tel., pa 7.4. 50»M MCI. 10M 2 ».rcapto.thanol and 5 = 0 

uMol « of all four d.oxynucl.otid. trxpnosphate, with 25 units of 

Kl .„ow at coo. t.»p.catuc. foe 30 »inutes. The reaction was 

.topp.* by extraction with ph.nol/chlorof orn and th. =DHA 

collected by .thanol precipitation. 

E » .i t* lioase buffet (Haniatis 
The cONA wa. llgated in SO ul of T4 liga 

8t al, with 500 pMole, of Rl liters purchased f ro» Hew Sncland 
Biolab. t ,^u.„ce,^ATTCC=i.u,in, 2000 unit, of T4 
o V .cni,ht at «.e>^S. "action wa. .topped by incubation at 70 
eoe 20 »inute, then diluted to 300 ul such that th. final salt 
conc.ntc.tion w„ 0.1 . «CX. » - 30 " f 

7 Th. CONA -as then dic.st.d foe 2 *i«ut.s at 37* with 700 

unit, of Eco*l. Th. ceaction wa, stopp.4 by extraction with 
oh.nol/chlorofoc* and th. cONA collected by ethanol 
'ocecipitation. The p.ll.t was resided in ,0 ul of « and 
pass .d over a 51 C1-4B column. Th. .xel»d.d fraction, -ere 
pooled and ech.nol precipitate. Th. precipitated cOKA wa. 
al ectrophor...d through a^ac. ,.1 L* Tcis acetate ou«.c 
in the presence of 1 uo/«l .thidlu- bromide. cONA ia ta. 
ran,. 500-4000 b.s. p.ic. was isolated fro* th. ,.1 ch. 
standard 3la.. po-d.r proc.dur.. Th. .luted = 0 *A wa. exccact.o 
with ph.nol/chlocofor-. ethanol precipitated and th. P-Het 

i ri »„l was -esuapended in 30ul of TS. The 
{after an ethanol rinse) was -=* v 

final vield -a. 100-S00 no of cDSA. 

Th. cr.pa-cion of th. expression vector P»1023< B > is 

..scribed aocv.. The dieted and phosphatase treat3d 
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The 



vector ISOOng) was ligat.d with 100 ng of cDNA in a lOOul 
reaction (standard T4 llgas. enaction) overnight at lS'C. 
taction was stopped by extracting with phencl/chlorof oca then 
th. Ugatad cDNA was collected by .thanol precipitation after 
adding 5 ug of tRNA as carrier. 

-ha .thanol precipitated DMA was . rinsed with-70% ethanol 
then r.susp.r.d.d in 100 ul of n. This DNA was used in 4 ul 
aliquot, to transfer* £• sail MC1061 14 ul in a 100 ul 
transformation) . Sach of th. gs^grt otmatlonajwa. sped onto 
, ISO m» P««i dish with 1% agar, L-bsoth and 10 u,/ml 
t.eracyclin. CTet plat.) and incubated overnight at 37*. ^ 
Approximately 2000 colonies gr« on ..=h pl.t.. r.sulting^a total 
of about SO, 000 colonies. After reaching .ppto.l~t.ly O.i mm in 
diam.t.r, the colonies were transferred to nitroc.llulos. dl... 
<«7 m») by carefully Placing a dry filter on th. surface or th. 
piat. the* smoothly P-eling off th. filter. All of the colons 
on th. .I.e. transferred to th. filter which was th.n placed 
(colony sid, up) on a fr.sh T.t plat.. Aft.r allowing the 
coloni.s to grow s.v.ral hours, one replica was prepared f cob 
each of th. fllt.r, by placing a fr.sh wetted filter exactly ever 
th. oclgln.1 filter, pressing the. tog.th.r, p..ling them a ? .rt 
th.n returning each filter to a fresh Tet plat, and incubatinc 
th. plates overnight at 37V Sach replica wa, carefully mar*., 
such that it would be realigned with th. original filter. 
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E a=h of th. 25 «lt.c» was carefully sectioned into 

^hths usino a scalpel ana notin 9 th. ocientation of each .i,hth 
d.tlv. to th. ordinal filt.r. Th. colonies were 

3ctaD ed ««. each section into 10 1 of L-B»tn. The 
„«. coilected by centeif^tion C3000 10 -i... 

«„trifuc.> r.susp.nd.d in 0.6 ml of 25% 

„. a.O and converted to protoplast, by audition of 0.12 1 
lys— and incubation on 1c. foe 5-10 -in. Th. 

p.otooia.t, «.c. next incubat.d at coo. t.»P«atur. for 10 -in. 

Violin* th. addition of 0.125 1 of 0.5M IOTA 1/— * 

aad ition of 0.12»1 of 10. SD S in 50 «M Tri.-HCl. pH 8.0. «. 
ly .,t. -a. .-»ixed g .ntly, i-c«b.t.d at coo- temperature foe 
„ in . then protein and chromosomal ONA precipitafd by th. 

* „ - • of 5M MaCl. A£t«r incibafeion on ice for *-> 
addition of Q.J nix of 5M Nacx. 

min.. th. lysat. -a, c.ntcifua.d in an EPP-ndorf centrifu,. :oc 
,0 -in. in th. cold. Th. ,up.rnatant -as car.fuliy remold 
1W U* .ehind th. viscou. O.A/prot.in p.Het and «. diiuceo hy 
th. addition Of 2.5 ml H 2 0. Th. oixtur. — extracted .1* 
of ph.ncl. th. layers separated by c.ntrif u,acion C10Z foe 10 
J. i« th. Sorvall ^o, and th. a q ueou. *««^ " 

, ft .. a tube. 0»* wa, precipitated by .ddina 0.5 ml of Na-1 
and 7 5 ml of coia ethanol and fraexin* th. fixture several tx>- 
lB a dry ic, .th.no! bach. Th. precipitate wa. collected by 
_trlfu y at,on U«. IS .in. in th. Sorvall 3S-3*> - cashed 
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in 0.3 nl of 0.3M Sodium acetate and re-precipitated (in an 
Epp .ndorf tub.) by the addition of 1 -1 of ethanol. After 10-15 
ni „. in a dry ic. ethanol bath, the precipitated dna was 
collected by c.ntrif ugation (S min. in the Eppendorf) and the 
final pellet -a. resusp.nd.d in 100 ul of sterile TE (10 m* Trl. 
p H8 , In* EOT A) . From a typical preparation, 5-10 ug of plasmid 
DNX „.s obtained. Each preparation contained the DNA from 
200 -500 colonies on the original filter. A total of 200 DNA 
sample, were prepared fro-. the 2S filters. 
Step 6. noUtiiw CSF Clone 

Each of the DNA samples from Step 5 were separately 
transected into MS COS monKey cell, a, described "«^«; 

T he M6 cells are grown routinely in Dulb.cco's modified 
Eagle- s Medium Jdme available from Gibco) containing 10% 
ULlnactIL«4fetal calf serum IHIFCS,. split twice a wee* 
<T l^^T. Twenty-four hours after splitting 1:6 the 
« 6 cells are ready for transfection. Twenty-four hour, prior 



to transfection, L.2 x L0 



M6 cells (split 1:6) are seeded 



into a cell Factory (available from Nunc) in 1.5 liters of 
DMB + 10% H1FCS. immediately before transfection. P 1 "" 
are aspirated and washed twice with 7 ml of serum-free <SF> 
0HT. The DNA i. dissolved in 0 . 1 M Tris <pH 7.3, and added 
"o« medium containing 2-K WlutamineJ 100 u,/ml streptomycin. 
10 0 O/ml penicillin and 0.25 m,/ml DEAE Dextran totaling 
Til with'the Tris-DNA solution. The « ml of 
di33 olved ONA is added to the plate containing «6 COS 
and incubated for 12 hours. 

rha calls are rinsed once or twice 
A 4ter incubation, tne «n> 

wi th 7 ml SF 0ME. Then. 5 ml of 0 M E with 10% H1FCS . 
penicillin. 130 u,/«l streptomycin. 2mM glutamine. and 0 . 1 
M chlorocum wa. added and the cells were incubated for 

2 1/2 hours. 
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2 1/2 hours, rins. one. with SF 3ME and add 10 r.,1 CM E 
«. 10 » HIFCS/Plat-. Aft.. 30 hour, aspirat. -cia ««» * 
.^.t. DME ♦ 10* HXFCS. Harvest by c.«vi«, ^.conditioned 
,.dium after 24-26 hours further incubation. 

Th . conditioned mediu* fro,. ..eh transection was assayed 

*r-i -aaav roc each saeple, positive 
foe CSF activity using th. KG-1 -ssay. 

foe CSP activity, th. clon. on th. original nast.r filter 
r.,pon,ibl. for th. CSF activity had to b. id.ntifi.d." For 
„,»pl., foe on. transaction po.itiv. for C3F activity, all of 
eh . colonle, of th. s.ctlon of th. ordinal n-.t.c <<~ 
„h,r. th. transaction o» 3.»pl. was o.=iv.d. w.r. pi*-. «- 
320 of th... coloni.. w.r. pi*- I*. 3 1 »f L-Broth pi-. ^ 
Jljt.tracyclin.. Th. cultures w.r. 9 row„ ov.r»i 9 ht. Th. 320 
-^51. ««. Pla=- in an 13 * IB ~«i«. Pool. w.r. prepaid 
£CM each horizontal row and vertical oolu- of th. -atrix c.« 
total pool.) cot., th. last horizontal row had only 1* clon.... 
DNA vc.p.r.d fro* eacn pooled cultur. then us- <o 

transact CCS ells. Th. aup.rnatants fron ch.s. 
,.r. a„ay.d usin, th. .<C-1 colony a=,ay. Two positives were 
obtain- fro. this «t of transections, on. in a vertical 
colvuan, th. other a horizontal row. Th. cultur. ce«»on t, 
oools contained the CSF clone. 

• w . lv . indWidcal clones frc, this cultur. w.r. isol.ced and 
.iniprep DNA was ? repar,d ^ ,0 ,1 cultures in L-Broth a. 
aescribed above. 10 ul ^ *~ ««* «*~ 
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t . dl«~f« with EcoRl and th. resulting DMA fragment, analyzed 
„ «,«so M 9-1 •l-Mopho«-f. tun. of th. t-.lv. clones had a 
common approximate 750 ha., pair ins.rt. Th. ONA, from four of 
clone, and th. remaining the. don., were introduced into 
K« COS =.11, a, described above. Th. supernatant, from these 
transection, were assayed u,ing th. W-l a„.y a, w.ll a, th. 
.on. marrow asaa, ... «. ^ clon., -hi* «h con tained 

th . 75 0 bon. pair fragment «" ** th « " S 

COS call, of high lov.l, of CS* activity a. d.t.ct.d i» .ith.c 
„„y -hi. th. other thre. clon.. did not. Thu„ th. codin, 

eo c CSr must b. locat.d within th. 750 b... pair ins^rt^ 
Th. SNA ,.qu.nc. codin, for CSP wa. r«ov.d fro- th. 
transformation v.ctor in th. po.itiv. clon. by dig..tioa with 
-ecFl and sconced using standard dld.o,:y s^u.ncind m .thod. 
.ft- subclone f.-agn.nt, into HI3 v.ctor, to obtain th. 
. 3a ou,nc. illustrated in rig. 1. «• **• ' 910 "< B> " ^ 

w wa. first shown to dir.ct CSF expression in COS =.11, ha. 
o.'.n de.ignat,.d Thi, plasm.d ha. been deposits* with^e 

American Typ. Cultur. ColLction in a strain or S^oli - 
und.r th. depo.it number ATCC 39754 on July 2, 1964. 

se.o 7. aaaux- n of TTF °r« 3 l n 

' MS COS ncn^y c.ll. transformed with vector p.l0,3<« 

containing « S " P 6 " gt ° , ' n " '""^ 

in Step « to prcduc. =SF protein th. culture medium. 

^m.ly. or. ... »i this DNA (p«r-l) dissolved in 1 -1 of 
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a , M Ttis, p.. 7.3 and added to 600 ml of DME containing 2 
V ;,^ln.,UQ0 streptomycin, lOO^^l^niciUin (,/» an* 

^T^^DIM O.xtran (Molecular wight 500,000 from 

p h .r»acia>. The 600 *1 of DHA OEAE Dexttan solution i, add,d to 
r: COS cell* in t h e «U factory and incited at „• for » 
h oura. After t>. incubation, t h . cells are rinsed one. v.th ? 00 
„a of S, DME then incubated for 2 .5 hour, wit. «00 -1 of CME 

•_ iiu httcs. 1 mW glutarame and P/s. 
containing 0.1 m« chlorogum. 10% HI.CS, 1 * ,.,«." 
^t.r ..pirating th. cnloroguln containing medium th. clla 
ttna d With S, DME and f.d 1500 * Of DME -ith 10, «,CS. 

It, tn. ells ar. -ashed — - 
with ,00 I of^JME and th. tran.f.cfd c.U. ar. al owed 
^ ^ w«.,^- »t T7«c. The conditioned 

coadition th. radium foe 24 fcoucs at 37 c. 

Li- - " P i»t.d and replaced -1th anther *00 ml o S, 0 . 

cells are allowed to condition this a.*!- - ".^^T 
the conditioned medium is collected. As.soon « P"""- f t.r 
nesting, conditions m.di.leampl^" concentred .0 fold 

I: ultrafiltration using tn. *micon liter — 

vi~n -.he MS membran. (5,000 HW cutoff). 



st . p a. rnrtf-^'"" " f rtnromhinnnt c sz 



W o hundred ml of concentrated conditioned medium <««<- 
liter, of starting material - Step 7, was orought to 30, 
Saturation of — n sulfate by addition of solid —x- 
3ulf«. «c Ch. precipitated protein r-oved by 

Ilrif nation. supernatant «aArou, h t to 30, - 
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sulfat. by adding ». t . soliJ am»oniu» sulfate and t». 
...ciplUt* P«t.in coll.ct.d by centrifuoation. Th. p.U-t -a, 
' cHU p«U* in 5 -1 of 2 0 «M «dU. ««»*.. P« «.X, contain^ I 

„ N4C1 . a isa o lv .d ^u^- - * -« ;;;; - 

o £ «ltco g .l — ..uillbcat.d in tb. - - «- - «• 
CSP activity elut.d t h . - -it, aB — -.c.U, 

-•.<cht of 19 * Walton, oc aft.c about 90 -l^j^" b «" 
"I d tbat .f t». ,.1 filter i, p^o^at low ionic 

i c ^ ^ — - — - - 

"r^.-* -l.olac - W of - 1... — «* « > 
O.ltons. tba* CH-CS, ~V c.a.ily «.» > 

activ. faction, v.^pool.d an. to ..»% »* *r 

addition of 10* „£> appli-d to a Vydac- CV col»n 
cu « q «ilibrat.rTTo.l» X^. «. «a. = S v.lop.d .1* . 

^a^adi-njof 0- 9 0, — - - 

/-a-,to^-r / l.>»actlon, 16-20, . . » 
(a^.toni— iiy ' , C Li-ctroohor.aiuJdJ.S* 
was analysad by SOS polyacrylaaid. ^ti^SJU^^. 1 

as d.scrib.d by Laaani. i.a£AKft zi -' 

•«* o ; '8-26 y. caltona was observed, 
prot.ia band with an appat.nt *w o. -8 

r y cop e ot.in. and i. tbou^bt to c.fl.ct «t.n.iv. but va.lab . 
addition of ca.bonyd.at.. Pcot.i. -action 1, ^ 

to 64 -an o.,cadatioa u.in, tb. .-PPl^ 3 " ^ 
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lA _ P -A-R-S-P- S -P- S -T-*-P-w-E-a> • The high yield of this single 
ot ot.in s.qu.nc. strongly sugg.st.d that th. CSF protein in 
paction 19 had b..n purifi-d to homog.neity. eioasaay indicated 
* h .t Fraction 19 had 3 * 10? unit, per A 28 0 absorbance units. 
Sire, typical proteins in aqueous solution exhibit a range of 
extinction coefficients of 0.3 to 1.2 A 280 abaorbanc. units per 
milllgra. of protein, th. specific activity of th. purified CSP 
is b.tw.en about 1 x 1«7 and about 4 . 10? units/m, when assayed 
using th. human oon. marrow cell assay. 



CLONINGS GIBBON CSF 

A sample of th. gibbon T-C.ll line designated UCO-MLA 144 
was cultured for several wee*, in «PHI if 40 (purchased fro« 
Gibc o> and 20* fetal calf ..«« CFCS. until there -«. obtained 1 
x „» total cell,. Th. ceil, indued to product high levels 

of CSF by activation for 24 hour* in th. presence of 10 nanograms 

V. ml u^-fittS&SSSPU&i&g- (TPA> iP mZ 1540 

plu. 1% FCS. Tn.-c.ll. w.c. harv.sMd by c.ntrif ug.tion (1000 
rp... 5 -in.), -ashed once with phosphate buffered saline (P3S) 
and finally collected by centrlf ugation. 

MCBbta „c bound polysome <M3P> =**A w« prepared from these 

dl. using the sax. procedure ..scribed in «am P l. A for ch, 

pcaoAratio.n of Mo call RMA. 
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2. c.„„d mm RMCtlaa 

SuAf MBP mRNA (Jrom Step 1) diluted into a SO^cOHA 

svnt^ITfetion aixtur. (see «— pi. * " St «* *> •»«» 

, - - ravecse transcriptase, 
reaction initiated by the addition of reverse 

M t.r incubation for 30 a,inute, at «-C, the reaction was stopped 
„y addition of EDTA to 50 «. and diluted with K 2 0 to lOOj^ ^ 

,ixtur " th Pl»"«l/ct.lo«-«o«» and further 

.xtr.ct.d with chlorofono. The cDNA/RNA hybrids were separated. 
tto n unincorporated triphosphate, by chromatography on a 2 ml 
sepharose CI.-4B column. The excluded fraction, -ere pooled and 
the hybrid, collected by ethanol precipitation,. The final yield 
was S70 ng. 

steo 3. T ii rnnl «rr.infl "mn RfUfi . tan 

" The fits* «««*"» cOKA p.ll.t (Step 2. w«. re.u.pendeo in ~ 
,0. of a 2 0, and second strund synthesis carried out in a standard 
..action -ixture with ^aii Poller... I. 

MA.. The reaction wa. incubated overnight at 1.-C and then 

incubated for 1 hour at 37-C. The reaction wa. stopped by 
addition of EDTA and extracted with phenol/chlorof cr- The cOHA 
wa. separated fro. unincorporated tripho.phate, by 

on a sepharose <*-« «- —1— P " 1 " 3 

th. COMA collected by ethanol precipitation. 

st . p «. n rr nn-"'"*"* '~ n '' B ?r«n«r a eio a ^ 

The cDHA p.il.c '».P 3) was ^.suspended in 75 ul^of H 2 o. 
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H0 *opoly»«eic c -tails- w.r. add.d to th. end. of th. cDNA by 
addiW 10 cDN * solution to a 25 ^standard reaction 

mixtur. with t.rainal transferase, and incubating at 30-c £oc 3 
„i„ut.s. ^ "action was stopp.d by th. addition of EDTA to 40 
' and h.at inactlvation at 68-C for 10 minut.s. 10 ng of this 
tailed cDNA was annealed with SO n, of G-tailed P 8R3» (purchased 
f CM NEN) in 10 jU_of 10 mM Tris, P« 7.3, 1 »M EDTA. and 100 «H 
N.C1- The annealing reaction -a. incubated for 10 minute, at 
S3*C and then for 2 hours at 57*. 

st .p a. lafit* r, »T Ti-.mffirnnttoa 

.„ii strain MC1061, wa. grown in L-broth. chilled on ice, 
harvested by centrif ugation, and treated wth CaCl 2 to prepare 
the- for transformation. 5 ^J>t th. cDtiA annealing reaction w«» 
then incubated with 200^of th. caCl 2 -^=at.d bacteria. 
Fifteen such transformations w.r. performed, using all of th. 
ann..led cCHA, and spread on IS cm, 1% agar L-broth olat.s 
containing loWslj-tfeyciln.. Approximately 1000 colonies 
grew on each plate. 

stsp s. ntnllri- 

10,000 colonies £ro« th. transformation w.r. each picked 
with . toothpick, transf.rred to fresh plate, CS00 per plat, in a 
grid, . and grown overnight at 37-C. Th. colonies w.r. then 
lift.d fro- «ch plat, by pressing a dry nitrocellulo.e filter 
-irmly over th. sucfac. of th. pl.t.. Two r.plica filters were 



-45- 




I 



LOQ-6415 



pE .o«red f«« «ch of thes. master fUMC. The master filter, 
w-t . stored at 4«C. and th. replica flit... treated with base, 
and to PteP*« then f0E hybridization. 

step 7. ztaiattouL." ' 1 M t iHlM Hv»rm™t i ™ Prsbss 

«. cDHA insert from pCSP-1 we, isolated by digestion with 
the restriction enzyme Ball, and electrophoresis in an agarose 
,.1 with Tri. acetate and ethidium bromide. The band containing 
th. cOHA rr.o..nt -a. cut fro. th. ,.1 and purified by th. glass 

powder technique. 

300 ng of th. cONA fragment w.s then add.d to l^uj^f 10 * 
T4 DMA Polymer... Buffer (0.33 ft Tri. Ac.tat., P* 7.9. 0..S » 
potas.iua actate, 0.1 M Magnesias acetat. 'and 10 «« 
dithiothreitol). and 3 unit, of T4 D«A Polymer... <N~ England 
3iolab.>, and diluted with .at.r to 10 After incubation for 

5-10 minute, at 37-C. this *i«tur. -a. coined with 1^10 * « 
OHA Poly».ras. Buffer, 1^ a 2 «. solution of each of dCTP. 
dTTP. dGTPJ 10 ul of 3Wp '.10.uCiA.l. 3, 3 00 Cl/mmole) ; and 3 
units of Tr DHA^Tlymata... Th< r.action w.s incubated for 20 
minute, at 37-C. then 1 ul_ of 2 mM dATP was add.d and th. 
r..ction incubat.d for an additional 10 minute, at 37-C. 

Th. unincorporated triphosphate, were separated from tn. 
lab.ll.d cONA by chromatography on a S.phad.x C100 column. A 
second probe was prepared from a synthetic oligonucleotide hav.ng 

th« stqumcii 

ATC TGG CTG CAC AG 
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wn ich is k» P UjB«Btary)to th. amino terminus of th. CSF coding 
c «cion. Thi. olla.onucl.otid. va, labelled W ithfc32p>ATP at it, 
5 . end using, a standard polynucleotide kinase reaction. 

step a. ia&ut.i"r nf <^r Tmn clones 

in a standard hybridization screening procedure, some 45 
clone, hybridized vith th. T4 labelled p«F-l cDNA. Of th.s, 
approximately 20 also hybrid!..* to th. lab.ll.d oligonucleotide 
proh.. Th. coding region of on. of th... ha. b..n ..ou.nc.d, and 

segu.nc. data revealed , numh.r of b«. substitution., som. 
o£ which r.,ult in amino acid h^^/^ tn « «P"»«* 
prot.in. difference. ,r. illustr.t.4 in Fig»c. 1 above th, 

m s.c.u.nc. for th. human CSF gen. clon.d in 8 xa»pl. K. 

CLOSING CSF FROM PERIPHERAL 3LOOD LYMPHOCYTE «RHA 

Sttp .. nn nn — ™ "rinnnral nlnort tw^cyem 

Perineal blood lymphocytes were prepared from four 
plasmapheresis by-products (purchased from th. Red Cross, by 
fractionation ,« a Ficoll-aypagu. gradient. Th. light d.nsicy in 
RP«-1 S «0 in th. pr.s.nc. of 5% fetal calf serum. 0.17% 
p„ y toh.m»aglutinin f •»* 10 «^- 1 Ph " bal < - MA> 
at a d.nsity of 2 . 10« c.ll.Z-1 <a total of . . 10* cells - 
coined,. Th. el- -ere harvested by c.ntrif ugation UOOOcm^ 
S min.,, -ashed once with phosphate buffered salin. <PB=. and 
finally coll.ctea av centr if ugation. Cytoplasmic RKA -a. 
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prepared by a gentle lysis procedure in which the cells were 
resuspended in SO ml cold Tritcn lysis buffer (140 mrt NaCl, 1.3 
ml* HgCl 2 r 10 "* Tris, pH 8.6, 0.5% Triton X-100) with 10 mrt 
dithiothreitol (DTT) and 50 units/ml RNAsin (purchased from 
Biotec) . This lysate was divided into 2 equal parts and each 
part was layered over a 10 ml cushion of lysis buffer containing 
20% sucrose. The cell nuclei were removed by centrifugation in 
the cold (4«C, 4 00 rpm for 5 minutes) . The upper layer 
(cytoplasmic extract) was carefully removed and sodium 
dodecylsulfate (SDS> was added to a final concentration off 1%. 
This solution was extracted twice with an equal volume of phenol 
chloroform (1:1 mixture) and the RNA was precipitated by adding 
2.5 volumes of cold ethanol. The precipitated RNA was collected 
by centrifugation (15 min. at 4000 rpm) and resuspended in 0.01 « 
TriS, PH 7.5, l mM EDTA, 0.25 M NaCl (TE buffer plus 0.25 M Nad) 
and ceprecipitated by addition of 2.5 volumes of cold ethanol. 
Finally, the RNA was collected by centrifugation and cesuspended 
in 5 aJ. of K 2 0. The final yield was 7.5 Pig. 

Messenger UNA was isolated from the total cytoplasmic RNA oy 
selection on oligo dT cellulose. 2.5 mg of total RNA was heatad 
to 65* for five minutes. NaCl was added to 0.5 « and the RNA was 
allowed to cool to coom temperature. This RNA was passed over a 
one ml column o£ oligo dT cellulose equilibrated in TE * 0- s ^_ 
NaCl (binding buffer). Unbound RNA was removed by washing che 
column extensively wieh binding buffer. Bound messenger RNA was 
• luted with 3 tci o£ H 2 Q and precipitated by addition of 0.2 ml 
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o£ 4 H Nad and 2.3 volum- o £ cold .thanol- *»• P e.cipita«d 
raB HA wa. coll.ct.d by c.ntrifua.tion (30 minutes at 25.000 rp») . 
th. ««1 «*PP-o«i«t.ly XOO^tas «-».p.»— i» 

of H2O. 

20 u , o< PBL -ANA -a. i»« • SO^DHX .ynth..« 

t .,ctio»*«nt,ini n , 100 M «!.,>,..«. "° * ""^ l0 ^ C ^' 
10 »M 2-««=apto.th.nol. 40 0 uM^ ch of dAW. ««., dC». and 
dT», .«•> 0X1,0-^^.,. ,1,. 12-18, a. p.i~. »• -fit o« 
Jlf4OT '(i»0 ud/ni^.. and 20 unit, of th. cibonuel.... 

' auw . _ .... i.it-uttd by addition of 50 

inhibitoc RNMin. Th. c.etion was initiat.d y 

•«4»,— at- 17«C and incubatad foe 30 
units of ravarsa transcc xptaaa at 37 c ana 

~ «.=. «. by .« « 

40 »H and ext E .c«d with an e^ual .« H2 0 ,.t»„ t .d ph.nol. 

T ,, ph.nol pha., -a. bac* ««act.d with .O^o* » bu««. Th. 
aqu .ou. pha... ««. poolad. Th. cDNA/RHA hybcid. w«. »P.»t.d 

unlnco^afd -ipho.ph.t.. by pa..in, th. pool.d a q u.ou, 
pha.. ov.c a S -1 S.ph. t o.. CL-4B cciuan <pu E =ha..d fro* B i„.> . 

III w... Pool-d. b,o U ,ht to M . - ~X and th. nucl.lc acd. 

JJ4 ^_ o€ 2 S voluntas of cold athanol. Tha 

hybrid* wara collected oy _ 

Th. Mnal pell- C2.S ug^t =0 NA , was t ..u.p.n d .d SO ^ 

of BiO* 
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gt>p j. strand rnNft Reaction 

Second strand cDNA wa» synthesized by th. combined action of 
th. .nxy».« "■ ™" BHA Polymerase I. ff . SO li "N* and £^ 

saUXwiMa^. Th« reaction mixtut. (30 ul) contain.d 20 m* Tris, 
pa aVrTrnK MgCl 2 , 1.2 ■* SJDTA, 23,uM NAD, 100 uM each o£ dATP. 
dO»! dCTP, and dTTP, and SO uCI^PdCTP (3 ,000 Ci/mmol.) . Th. 
caption wa. performed by adding 3 unit. ONA polymerase 1, 0.S 
unit. DM lig..., and 0.75 unit, of RHA.. B and incubating at IS- 
for 18 hour., then at 37- for 1 houc, and than stopped by adding 
EDTA to 40 him and extracted with an equal volum. of pbanol. Th. 
ph.nol ph... -a. bac* extracted with SO^ulJK. th. aqu.ou. pha.es 
pooled, and th. cDNA was separated fr» th. unincorporated 
trlpho.ph.te. by chromatography on a S.pharo.. CL-4B column a. 
de.cribed obov. for the first strand. B^ed on incorporation of 
32p, the first strand cDNA was quantitatively converted to a 
double-stranded form. 

se-p 4 . fTft-""^"-"* "rffnflraeian 

Homopolymeric C "tail." were added to the end. of ch. cDNA 
by gently heating 400 n, of cDNA in a SO^lV.action mixture 
containing 1 w* 2-..r=apto.tb.nol, 1 «M CoCl 2 , and 9 unit, of 
t.r»ln.l d.oxynucl.otidyl transferase at 30-C for five minute,. 
Th. reaction -as stopped by th. addition of EDTA to 40 mM and 
heating to 68«C for 10 minute.. 200 ng of this tailed =0NA we. 
annealed with 500 r.g of G-tail.d ?AT153 'purchased from Aa.rsham) 
iB 100 ul of 10 ?* rrl.. pa 7.5, 1 «, SOT A, and 100 sH *«C1. The 
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annealing reaction was performed at 57- foe 2 hours after a 5 
ainuta preincubation at S8*C. 

stap J. Bacterial TramfOfinfltion 

Th. CDNA annealing reaction produce was used directly to 
transform the ff. «M strain HC1061. K ««sh colony of bacteria, 
calls was us.d to inoculate 50 ml of L-bcotb and grown for 
' s.v.ral hour, until th. optical density at 550 no was 0.25. The 
cells war. chiliad on ice and h.rva.ted by c.ntrif ugatlon (2000 
rp» for 10 »in.>. Th. pallet was r.susp.ndad in 10 ml cf cold 
0.1 a cadj and allowed to sit on ic. for 10 minut... Tha calls 
were collected by c.ntrif ugation <2000 cp. for 5 minut.s) and 
resuspended in 2.5 ml of 0.1 M Cad 2 . " »l_of the com 
annealing reaction was thyr incubat.d with 200 ul_of 
CaC^-treatad^bacteriaTfor 30 minutes c.n xc. and than for 2 
minutes at 37*C. followed by addition of 0.8 ml of '--broth and 
final incubation for 30 minutes at 37«C. 

Twenty of ehes. transformations war. performed, utilizing 
all of the ann.«l.d COKA. Each transforation mixture was spreac 
onto 1% Agar L-broth plate. (15 cm diameter) containing 10 uo^l 
tetracycline Prom th. twenty transformations a total of 20 suet 
=lat.s were spread and incubat.d overnight at 37'C. On tho 
average approximately 1,500 bact.rial colonies grew on each pl.t. 
for a total of 30,000 clones. 
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Tb« original colonies growing on each plats were transferred 
to 137 mm nitrocellulose filters by pressing a dry filter on top 
of the colonies and lifting them off the plate. Two identical 
replicas were prepared fro* each original filter by standard 
replica plating methods, in which each original f ilter was 

~~ca7efully Placed colony side up on a sterile square of filter 
paper tHhatman 3 MM) resting on a square piece of glass. A new 
pce-wetted nitrocellulose filter was carefully aligned on top of 
the -aster filter, covered with a second sterile square of filter 
paper and the complete sandwich then pressed together firmly wits 
a second piece of glass. The sandwiched filter, were numbered 
and 3 pinhole, were punched through them asymmetrically so that 
th .y could be exactlu aligned agan in the future. The replica 
was then removed from the master and placed colony side up on a 
new t.tracycline-containing L-broth agar plate. A second 
.-.plica was immediately prepared in identical fa.hion. each 
master f lit. e «. returned to a plate and all of --U. plates were 
incubated at 37- for s.v.t.l hours until the bacterial colonies 
had reached approximately 1 m- in diam.tec. The original master 
filters were stored at re.a«d th. replica, prepared for 
hybridization as described below. 



Each replica fill 
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filt.r P .P« «Wh.t»a„ 3 KM) so.*.* in 0.5 » !•» - 

3aven n i„ut... Th. filters w.r^transferr.d to neutralisation 

filt.r Wr„ soaK.d in^- ^ " MCl ' 2 

n i»utes an, then transferred^ a second set or neutralisation 
filters for 5-10 minutes. Finally, th. filters w«e^,a=ed on 
filters soaked in SSC buffer <0.015 M Sod^ <y£rat. . 0.15 M 
„aCl, PB 7.4) for five minutes, air-dried and baK.d in « 
80*C for 1-2 hours. 

st ,p 8. llfll " f r ^ r " m aq "* a 

nuplicat. filters were probed with th. r.dio.ctiv.ly 
labelled pcsr-l oONA ins.rt. prepared a. d.scrib.d above x« 
EjtM pl. 3. so^e 20 colonies hybridized with th. cCHA. Twelve 

ot th re pie*- ««- the .aster filter and orown overn^ht 

1 -4- n«tr iction enzyme digests 
in L-broth for further analysis. Restricts 

y of « sables (rapid prep) f«- th.s. clon.s indicated that 
w «. nearly full l.^th. On. of th... ha, been sequence d The 
s . q u.„c. of th. CSP codin, region of this clon. was .denial to 
.spondin, s«,u.nc. of pCSF-1 (i.e. -vino a T at pos^cn 



the cocc 
365-CSF(Il«>> . 



EXAMPLE D 



Purification Q £ C5F from Mo Ce ll Line 

Mo secu, free conditioned .edium (40 liters) was incubated 
at 55-C foe 30 .nu.es to inactivate the\HTLV-II>lcus associated 
.it, th. cell Li.,.. Thi. aediu. was concentrated by pcessuci.ed 
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ultrafiltration usin, th. Pellicon Cas.tt. with membrane PTGC 
a .S squat. f..t) which has a 10.000 molecular wight cut-off. 
Th. prct.in was further concentrated by ammonium sulfate 
precipitation (80* saturation,. Th. final protein pellet (SCO 
mg> was resuspended in 100 ml of 20 mM 

tri, ( hydro»ym.thyl,a»inom.tha„. hydrochlocid. <Tris- H Cl) , P H 7.4, 
and dlalyzed against th. sam. buff.r (3 ti».s with 4 liter 
chang.s ..ch time). Th. dialyz.d prot.in was appll- *» * * 
10 cm column of OEAE (dl.thyla-ino.thyl) -ultro,.! equilibrated in 
th. sam. buff.r. Th. column was w..h.d with 800 ml of 20 mH 
Tris-aCl. PH 7.4. th.n th. CSJ activity .lut.d .1th 800 ml of 20 
„. «l.-BCl. P* 7.4, containing 0.12 M «C1. 1° 
„.r. coll.ct.d and assayed for CST. Th. acciv. fraction, (3, 
w.r. P-ol.d, and conc.ntrat.d S fold (to 5 -II by pressurised 
ultrafiltration (Amicon n.mbran.. 5,000 moLculac wigM 

cut-off) • Th. conc.ntr.ted sampl. fro. th. 0EA* column -a. 
appli.d to a l.« x 100 «. ACA44 ultrog.l <a« acryla-id. ag.ros. 
ultrog.l having 10 to 130 k Oalton fractionation) column 
««ilibrat.d in 20 m* «-2-hydroxy.thylpip.csin.-«-2-.tha„. 
,»lfonie acid (HEPES) . P* 7.4, S 0 »H Mad, and 0.01. poly.thyl.n. 
al ycol (PEC-3000, . CSr activity eluted fro- th. column with an 
'parent »oU=uU C weight of 30 * O.ltons. The acuv. 

a Vydac C« reverse ph.s. column (1 x 25 cm). Th. col 
Sloped with a linear gradient of ac.tonitril. in o « 

m (Wv, at * «1.00. ml «t.l, . «• ~ """^ 
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at approximately 47% (v/v) ac.tonitrile. The pooled «tiv. 
tactions w.c. brought to 0.05* (v/v) h.ptaf luorobucyric .cid 
(HFBA) by addition of on. half volum. of 0.15* <v/v>_HFBA and 
applied to a vydac C« column (0.4* , 25 cm) equilibrated in O.m 
«.,„, HFBA. Th. column was developed with a linear gradient of 
0-90. (v/v, ac.tonitrile in 0.13% (v/v) HFBA at 1 ml/min. <340 .1 
total). Th. CSr activity fluted at about^ (v/v, ac.tonitrile. 
reaction. 37-44 (V =1 «ch, «... found to b. activ.. 0.15 1 of 
fraction 40 — conc.ntrat.d 4^fold (u.in, th. SAVAHT Speed v.o 
concentrator) and 40^1 of 2 x SDS ,il sa.pl. <°-" S 
H Tri.-HCl. p...... 4%>S 0 S. 20, 3 lVC«ol and 0.004* Bromoph.nol 

blu.,. Xh... samples w.r. boiled for 2 minut.. and applied to , 

13 5% Lam-li. O. ^* 880 (1970 ' 303 9-1 lS- * ?l9U " 

taction (140) va. d.t.rmin.d to h.v. 110.000 bon. marrow csr 
u nit,/ml. This corr.,po„d. to about 3.0 x 10? unit, p.r A 280 
ab.orb.nc. unit. Sine typical prot.ins hav. •« in " i °" 
co.ffici.nts ranoin, b.tw..n 0.8 and 1.2 A 280 unit p.r milligram, 
th. purifLd CSF had a .p~«t« activity in th. ran,, of about 1 

, 107 /. abou* 4 x 107 u »it, per m, in th. bon. marro y. * 

1 uoj£-pX. of p«rif i.d GH-CSF wa. submitted to Soman gradation 
u.in, th. Applied Biosy.t.ms Ca. Phas. «lcro,ecu.nator. Th. 
.e^.nc. of residues 3 throuoh 5 w„ determined to be Ala Ar, 
Sec 
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EXAMPLE E 



^transformation and Amplification of CSF Sequence in 
CHO Cells PJLasj^ P 91023(B,-CSF -as induced CHO DHF* 

deficient ceTlsTuKX-Bll (Chasin a Urlaub PNAS 77:4216. 1980, 
by protoplast fusion as described ( Sandr i-Goldin et al. Mol. 
cell Bio. 1 743-752. 1981). The growth and maintenance of 
the CHO cells has been described (Kaufman » Sharp, J. Mol. 
Bio 150 601-621 1981). For protoplast fusion, p91023(B>-CSF-l 
was introduced into E . Coli HB101 and bacteria grown in 50 
ml of m9 salts containing 0.5% casainino acids/0.4% glucose. 
0 012% MgS04, Sug/ral thiamine, and i^ug/ml^etraeycline 
to an ab^orSancToTS.S at 600 nm. Chloramph.nical was added 
to 250 ug/ml and the culture incubated at 37'C for an 
additionfTl6 hours in order to amplify the plasmid copy 
number. The cells were centrifuged at 3.000 x g for 10 In. 
at V-C^nd suspended in 2.5 ml of chilled 20% sucrose in 
x A* nSTrris-Cl PH8.0. Lysozyme was added ( 0 . 5 ml of a 5mg/ml 
solution in 0.25M Tris-Cl PH8.0) and the mixture held on 
ice for 5 min. EDTA (1 ml of 0.2 5 H EDTA pHS.O) was added 
for an additional 5 min. on ice, and then 1.0ml of 0.05 M 
Tris-Cl pHS.O was added slowly. The suspension was incubated 
for 15 minutes at 37-C until the bacteria were converted 
to protoplast,. The suspension was then slowly diluted with 
20ml of prewarmed medium containing 10% sucrose and lOmrn^ 
MgCl, and held at 37-C for 15 min. The solution of P"^ 1 "" 
( approximately 10»/»1> -as added to CHO, OHFR «;«<^" ^ 
Bll cells in a S-w.ll plate (approximately 1X10 6 cells/well) 
at a ratio of ^proximately 1-2X10 4 protoplasts/cell and 
the protoplasts -ere pelleted onto the cells by centrifuging 
at 2000 RPM for 3 min. in a swinging microtiter dish rotor 
of an IEC Model :< centrifuge. After centrif ugation. the super- 
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natant was removed by aspiration. A 2 ml amount of polyethylene 

, lyC ol solution 50 , of PEO - 1450, ( Baxer Chem. Co ) in 

50 ml of medium was added to each well of the 6-well plate,. 

The cells were again centrifuged at 2000 HP« for 

the polyethylene glycol solution removed, and the plates 

rin sed 3 times with 4ml of mediu m/well . Cells 

psinized. suspended in 10ml media contain* 10% fetal calf 

L and centrifuged in a conical tub. at 500 BPM 
clinical centrifuge. Pelleted cells fron. 3 w.ll, were pooled 
and plated into a 10 cm tissue culture dish. Fresh medium 
containing 10_0. ug/ml o£ ^namycin. thymidine. 
deoxyadenosine. penicillin and streptomycin and 10* dialyzed 
fetal calf serum was added to each plate. The xanamycin was 
included to prevent the growth of any bacteria which had 
escaped conversion to protoplasts. 



eredjlilS 



Two days later the cells were (^ub cultered /l : 15 into 
alpha-media with 10» dialyzed fetal calf serum, penicillin 
and streptomycin, but lacing the nucleosides. Cells were 
then fed again with the same selective media Clacking nucleo- 
sides) after 4-S days. 

Colonies appeared 10-12 days after subculturing into 
selective media. Two schemes for methotrexate <MTX) selection 
and amplification have been followed. In the first scheme, 
single independent cloned transf ormants were isolated on 
the basis of DHFR expression and subsequently each clone 
was propagated ur.der conditions to amplify the copy number 
of the foreign DNA i.e., growth in increasing concentrations 
of methotrexa-.e. :« the second scheme a pool of multiple 
independent t :,r.,!» ( »nt. was isolated on the basis of 
expression and c.cpagated together under conditions to 



-57- 

1 

'1 

I 

I 



• 



100-6415 



amplify the foreign DMA, i.e. growth in increasing concentra- 
tions of methotrexate. Then individual clones were isolated 
from the mass selected population and analyzed for GM-CSF 
expression. Those clones exhibiting highest levels of =M-CSF 
expression were grown again under conditions to further amplify 
the foreign DNA (i.e. growth in increasing concentration 
of methotrexate in the culture media). 

in one experiment, seven DHFR* transf ormant, were pooled 
into alpha medium lacxing nucleosides. These cells were sub- 
sequently grown in stepwise increasing concentrations of 
MTX .starting at 0 .02 uM then steps to 0.1. 0.S and 2-O^M; 
mtxJ when assayed for^M-CSF activity in the KG-1 cell assay, 
these cells produced from 3,000 to 12,000 units per ml. The 
selected population was cloned 0 . S^M^TjL^d in_^0 jg^gBt— 
Clones obtained in 0 ■ S \uM-MTX h 010 , D2, and 86) were subse- 
quently selected for growth in 2.0 uM-MTX. When assayed for 
GM-CSF activity in the KG-1 cell assay, the cloned cell lines 
produced from IS, 000 to 300,000 units per ml of GM-CSF 
activity. The GM-CSF produced according to this Example has 
the amino acid sequence given for CSF-Thr in Figure 1. 



EXAMPLE F 



EXPRESSION OF GM-CS F IN E. COLI 

GM-CSF was^expressed in E. coli from vector pTALC-iaSR, 
a diagramat^descn-ption of which is provided in figure 
6 ^The gm'-csf encoding sequence begins with the synthetic 
sequence ATG- CCA- CCA- CCT- CCT- TCT- CCA- TCT- CCA-TCT- ACT, which 
determines the intitial 11 amino acid residues of mature 
GM-CSF. The remainder of the GM-CSF. encoding sequence in 



I 
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pTM .C-185R 13 identical to that of pCSF-1. nucleotides 97 ; 447, 
followed by the sequence ^TAR- TAG . Immediately following 
t „e triple t.»i»to, ^ i, the oUC-18 poly-linKer. The 
tetracycline resistance gene fro- pBR322 h.s been inserted, 
in the opposite orientation to the CSF g.ne. 100 bases down- 
stream from tne pUC-18 polylinfcer. Th. tetracycline resistance 
L carries its own promoter. Continuing counterclockwise 

(CoLEl) origin of replication. 

The final structural festure of th. pi— id before re- 
turning to CSF sequences is the K. promoter. This promoter 
is essentially a, described by A. S k atx»« and M. Rosenberg 

„ "Secular cloning, a laboratory manual" ,».». Cold 
Spring Harbor Laboratory, page 419. . CSF expression is driven 
„y th. PL promoter after thermal induction in a suitable 



E. 



coli host strain. 



Th e parental strain used for all the strain constructions 
was W3110 lacI°L8 <R. Brent and M. Ptashn. PNAs 78 (1981) 
4204-4208. j 

A fragment ofXDNA ( A- nucleotides 34499 to 38214. -as 
integrated into the chromosome of W3110 lad L8 at 
locus. The integration was performed using an integration 
vector composed of pBR32S sequences carrying the genes for 
chloramphenicol and ampicillin resistance "well as the 
P BR322 replication origin. <F. Bolivar Gene 4 « 1978, 121 136 
The A DNA fra,.ent is inserted into the lac* gene, which itself 
is present cr. th. plasmid as a fragment extending from the 
BstEil site :-. Lad to a Tthilll site downstream of lacZ. 
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Integration of the>rDNA into the chromosomal copy of 

lacZ was achieved by homologous recombination and lac + , 

ampicillin sensitive, chloramphenicol resistant colonies 

were found. A second recombinational event leading to the 

removal of all extra plasmid sequences but leaving theADNA 

fragment integrated was screened for on lactose-MacConkey 
+ S R 

plates. The initial lac , amp , cam phenotype changed to 
s S 

a lac , amp , cam phenotype following the second recombi- 
national event. The resulting strain was called GL400 and 
was A R at 30° and A S at 42°. This phenotype demonstrates 
the existence of a functional chromosomal copy of the CI 857 
allele. 

GL400 was rendered Ion by PL transduction from a lysate 
grown on strain SG20252 ( lacA u!69, araAl39 rpsl Ion* 100:: 
TnlO). The TnlQ was cured by screening for Tet on selective 
media (S. Maloy, W. Nunn J. Bacterid. 145 (1981) 1110-1112). 

The final host strain was called GI413 (lacl°L8, LacZA- 
(ACI, REX, N) , lonAlOO). 

pTALC-185R was transformed into GI413. An overnight 
culture of this strain was grown at 30°C in 5mls of induction 
medium containing 7ugml ^ tetracycline. Induction medium 
contains, per liter: 

20g Casainino Acids 

6gNa 2 HP0^7H 2 0 

3g KH 2 P0 4 

0.5g NaCI 

lg NH 4 CI 
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1% glycerol 
2mg vitamin Bl 
2mg CaCI 2 .2H 2 0 
0.2g MgCI 2 .6H 2 0 



mi, M di» (2S-I-). containing 7ug»l" tetracycline, 
was innoculated with 12S«l.o« the overnight culture and shaken 
at 30 «C in a water bath until the culture reached a density 

m * o 5. It was then rapidly moved to a 40- water bath 
and shLen for a further 2 hour, to alio- synthesis 
Cells were harvested and checked for their content of CSF 
by SDS-polyacrylamide gel electrophoresis. Under these con- 
ditions GM.CSF accumulate, to approximately S» of the cellular 



EXAMPLE G 

re pression «f GM-CSF in Saceharomyces Cerevisiac 
A. Vector Construction 

A plasmid was constructed which contained the gene for 
an enzyme in the uracil biosynthetic pathway (OJM) as a 
selection gene and the 2u origin of replication. This p asm.d 
was derived from YlP* (Botstein et al„ Gene 

. (l9 79)) with the addition of a fragment conta.n.ng the or.gm 
of replication from the 2 micron plasmid of yeast. 



B. 



isolation of rh. aene for Glvceraldehyde Phosphate 
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Dehydrogeneae (GPDH) 

Two gene, for GPOH have been isolated from yeast (Holland 
and Holland Jo urnal of Biological Chemist »5 PP 2W.-2.0* 
, 1980 )). An oligonucleotide probe synthesized from the pub 
lished sequence was used to isolate a GPDH gene from a plasmxd 
library of yeast genomic DNA by standard methods. A plasmxd 
containing the entire GAP491 gen. ha. been deposited previously 
(ATCC No. 39777) . 

c O ~ r .^ion of >». ^vceraldenyd., phosphate dehydrogenase 
r ^^,r for heter ologous gen, expres.xon 

A plasmid was constructed which allow, for the natural 
spacing of the GPDH promoter from the start of the desxred 
heterologous structural gene. This was accomplished by in- 
troducing a Kpnl site immediately adjacent to the initiator 
methionine codon of the GPDH structural gene. The promoter 
■■cassette" was then inserted into the yeast expression vector 
YOpl. 

0 . Tsolation o f the gene for* factor 

A gene for the* factor mating pheromone has been isolated 
from yeast (Kurjan and HersKO-itz Cell, Vol. 30. „. 933-943 
(1982)1. An oligonucleotide probe synthesized from thxs 
sequence was used to isolate the gene from a plasmxd library 
of yeast genomic DNA by standard methods. 

E. Preparation of the CS F Expression Plasmid 
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From the elements described above, and the human CSF 
gene, an expression vector (AJ14, Figure 7 ) was constructed 
by standard methods. In this vector, the natural leader 
sequence of CSF has been removed and the sequence coding 
for mature CSF has been inserted adjacent to the c* factor 
pre-pro sequence. The junctions between the GPOH promoter, 
o< factor pre-pro sequence, and mature CSF sequence are precised 
(below) and have been confirmed by dideoxynucleotide sequenc- 
ing. AAATAAACAAAATG . CGTTTTCCTTCA AAA AG A GAG GCG GAA 

GCT.GCA CCC GCC CGC TCG . . * 



F . Expression of GM-CSF 

The plasmid AJ14 was transformed into a strain of 
Saccharomyces Cerevisiae. Cells were cultured to produce 



s 

LOG - -5 4 L 5 



in accordance with the above -he c 1 lowing specicic 
embodiments of the invention ^i. a J er.v isaged and form 
part of the invention: 

, ./l. A method for preparing and isolating a transformation 
vector containing CSF/cDNA, said method comprising: 

preparing RNA from a cell that produces CSF; 
preparing polyadenylated messenger RNA from said RNA; 
preparing single stranded cDNA from said messenger RNA; 
converting the single stranded cDNA to double stranded 

cDNA; 

inserting the double stranded cDNA into transformation 
vectors and transforming bacteria with said vector to form 
colonies ; 

picking pools of 200 to 500 colonies each and isolating 

plasmid DNA from each pool; 

transfecting the plasmid DNA into suitable host cells 

for expressing CSF protein; 

culturing the transf acted cells and assaying the 
supernatant foe CSF activity; and 

selecting CSF positive pools and screening the colonies 
ua .d to ma*, the pool *• identify a colony having CSF activity. 

2. The method of L wherein said cell char produces 
CSF is a T lymphocyte cell. 

3. An euxaryoeic cell that secretes protein, said cell 
beir., transformed by the expression vector prepared by the .,.thcd 

of 1- 

-64- 
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4* The cell Of 5 wherein said cell is a mammalian 

cell. 



5 The method of 1, further comprising isolating the 

and ina.rtin, »«. «•« «" « 

h.vin, . promot.r h.t.cologou. to eh. CSF DM*. 

A cell transform.* oy "id expression vctor prepared * 
the method of 5. 

7. The cell of 6 wherein said cell is prokaryotic. 

8. The cell Of 6 wherein said cell is eukaryotic. 

9. cONA that codee CSF^ 



10 

1. 



. c D «A ha„in, tn. nucleotide serene. Unrated in 



session vector comprising cONA coding for CS? 



11. An expr 

12. .V, e.: = »ion vector uprising a nucleotide sequence 
illustrated in Pig. !• 
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13. A transformed cell comprising the expression vector of 
11 or an allelic variation thereof. 

14. A transformed cell comprising the expression vector of 



15. The cell of 13 wherein said cell is prokaryotic. 

16. The cell of 14 wherein said cell is prokaryotic. 

17. The cell of 13 wherein said cell is eukaryotic. 

18. The cell of 14 wherein said cell is eukaryotic. 

19. The cell of 17 wherein said cell is a yeast cell. 

20. The cell of 18 wherein said cell is a yeast cell. 

21. The cell of 17 wherein said cell is a mammalian 

22. The cell of 18 wherein said cell is a mammalian 

23. The cell of 17 wherein said cell is an insect 



12 . 



cell . 
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24. The call of 18 wherein said cell is an insect 
cell. 



in made by expressing cDNA coding foe CSF in a 



25. CSF protea. 
transformed ceil. 

26. The protein of 25 wherein said cell is a 
prokaryotic cell. 

27. The protein of 25 herein said cell is a 
eukaryotic cell. 

23. The protein of 27 wherein said cell is a yeast 

29. The protein of 27 wherein said cell is a mammalian 
reil • 

30. The protein of 27 wherein said cell is an insect 



cell. 



31. CSF protein substantially fre, of the protein of native 



origin. 
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32. The CSP protein of 31 substantially free of 
protein of human origin. 

33. CSP protein substantially free of glycosylate. 

34. CSP protein glycosylated by expression of cDNA ceding 
for CSP protein in a transformed eukaryotic cell. 

35. The CS7 protein of 34 wherein, said eukaryotic cell 
is a mammalian cell or an insect cell. 

36. CSF protein nade by expressing cONA having the 
nucleotide sequence illustrated in Pig. 1. 

37. The protein of 36 wherein said cell is a 
pcokaryotic cell. 

33. The protein of 35 wherein said cell is a 
eukaryotic cell. 

39. The protein of 33 wherein said cell is a yeast 
cell. 

40. The protein of 38 wherein said cell is a mananaiian 
cell. 
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41. Th« pcotein of 38 wherein said cell ls an insect 
cell. 

42. Human CSP protein having substantially the amino acid 
sequent illustrated in Fig. 1 or an allele variation thereof. 

43. The CSP pcotein of 42 wherein said CSF is 
.CSP (The) . 

44. The CSF protein of 42 wherein said CSF is 

CSP(Ile) . 



45. 



Tha CSF protein of 42 wherein said CSF is Met-CSF. 



46. The CSP protein of 42 wherein said CSF is a 
mixture of CSP and Met-CSP. 

47. A therapeutic composition for the treatment cf 
^.lo-suppression comprising a myelo-suppression treatment ^nour.t 
of CSP protein in a pharmacological carrier. 

43. A aeuhod for che treatment of narunals having 
myelo-suppr*ssion, .aid method comprising treating said 
with C3F protein. 



0 
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49. The method of 48 wherein said treating step 
comprises intravenously injecting said mammal with a therapeutic 
composition comprising CSF protein in a pharmacological carrier. 

50. A method o£ treating mammals to increase the number of 
circulating granulocytes, said method comprising treating said 
mammal with an effective amount of CSF protein. 

51. Gibbon CSF having substantially the amino acid sequence 
illustrated in Fig- 1 or an allele variation thereof. 

52. The CSF protein of 51 wherei:. saic. CSF is 
CaF(Thr). 



53. The CSF protein of 51 wherein said CSF is 



CSF(Ile) . 



54. The CSF protein of 51 wherein said CSF is Met-< 



55. The CSF protein of 51 wherein said CSF is. a 
nixture of CSF and Met-CSF. 
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S6. A method foe purifying CSF protein fro. a mixture of 
proteins suspended in aqueous medium, said method comprising. 

precipitating the protein with ammonium sulfate at 80» 
saturation to form a pellet containing the CSF protein, 

resuspending the pellet in a buffered solution at a p U in 
the range of about « to about a, 

applying the buffered solution containing CSF to a 
chro»atographic column, -luting the CSF activity with the- 
buffered solution containing sodium chloride and collecting the 
fractions having CSF activity; and 

pooling the active fraction,, applying the pooled fraction, 
t o a C4 reverse phase column and .luting the CSF activity with a 
0 to 30* ac.tonitril. gradient to collect the fractions 
containing CSF activity. 

57. The method of 56 wherein said buffer is selected 
from tris(hydroxymethyl)aminom.than. hydrochloride. 



N-2-hydr6sy.thylpipecaxin.-N-2-.than. sulfonic 
citrac*. 



acid and sodiun 



58 Th« method of 56 wherein the chromatographic column 
accylamtde-agacose-ultco«5«l 



i3 loaded with octylsepharos., diethy lanino-ethyl-ultro.el oc 
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59. Th. m.thod of 56 wherein prior to applying the 
pooled faction- to th. C« column, th. pool.d fraction, ac. 
et .ated with th. ac.tonitril. gradient in a trlf luoroac.tic acid 
, olu tion or a h.ptaf luorobuty ric acid solution, respectively. 

60 The method of 59 wherein the concentration of 
tet fluoroac.tic acid or h.ptaf luorobutyric acid in th. .luting 
solution is 0.10* or 0.15* <v/v). respectively. 

61 Th. method of 5 6 wherein the aqueous medium 
contain, C S r pcot.in is first treated with a-oniu» sulfat. at 
30* saturation to pc.cipitat. protein and th. sup.rnatant for 
remaining steps. 

62 The method of 56 wherein after the step of 
Ft .cipitat'in, th. prot.in with ammonium sulfat. to form a 
pellet, the nethod comprises: 

c.susp.ndin, th. p.H.t in a solution of Tris-aCl and 
dialyxing th. resulting solution, 

applying th. dialyz.d solution to a column of 0EAE -ultrag.l, 
eating th. column with , solution of Tcis-HCl containing at 
lM .t 0.1 « Naci and collecting th. fractions containing CSF 
activity? 

pooling th. acciv. fraction, and applying th. pooled 
e t ac t ion, to a c-lu»- containing *c*4,-ultrog.l eguilihrated 
' a solution of HE..S containing saCl and polyethyl.n. glycol, 
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.lutin, th. colutn with a solution of HEPES with KaCl and 
poly.thyl.n. glycol and coll.ctin, th. fraction, containing CSP 
activltyi 

pooling th. fraction, containing CSP activity and treating 
th. pooled fraction, with trif luotoacetic acid, 

applying th. trifluoroac.tic acid treated pool to a C4 
r.v.rs. phas. column, .luting with a 0 to 90% ac.tonitril. 
gradi.nt in a trif luoro.c.tic acid solution and coll.ctln, th. . 
fractions containing CSr activity, 

pooling th. fractions containing CSP activity, treating th. 
P ooled fraction, with heptaf luorooutyric acid and applying th. 
treated solution to a second C4 reverse pha,. column, and 

eluting th. s.cond C4 r.v.rs. phas. column with a 0 to 90% 
ac.tonitril. gradient in a heptaf luorooutyric acid solution to 
coll.ct th. fraction, having CSP activity. 

S3 Th. method of 56 wherein after che step of 
Pr.ci P itatin, th. prot.in with ammonium sulfat. to form a 
p.ll.e, th. n.thod comprises. 

c ..u,p.ndin, th. p.H.t in a sodlium citrat. solution 
containing HaCl and applying th. solution to a column contain^ 
a cryla«id.-agaros.-ultrog.l equilibrated in th. sam. buffer; 

.luting th. column with a solution of sodium citrate and 
NaC l and collecting th. fractions having CSP activity, 

Pooling the fraction, having CSP activity, treating w.ch 
tcifluoroacetic acid and applying th. treated solution to a C4 
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C ev«cs*i phase column; and 

•luting th. column with a 0 to 90% ac.tonitril. gradient In 
a tcifiluoroacetic acid solution to collect th. fraction, having 
CSF activity. 

64. CSF protein having a specific activity of at least about 
1 x 10? units/mo. in the bone marrow assay. 

65. Th. CSP protein of S« having a molecular weight in 
the tang, of about 15.000 to .bout 28.000 Oaltons. 

66 The CSF protein of 64 having a specific activity of 
at least about 4 x 10? units per ag of protein in th. bone .arrow 
assay. 

67. Th. m.thod of 56 wherein said CSF is purified from 
a Mo cell conditioned medium. 

68. Th. «.thod of 56 wherein said CSF is purified from 
_ medium obt.ind by culturing cells transfected with a 
recombinant vector containing an expressible CSF gene. 



a 
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Th# method Of 56 wherein said CSF is P urif,ed fro, 
a media* obtained dy cultucinc, COS calls transacted with 
p91023 (B) -CSF. 
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70- A method of producing a primate colony stimulating 
factor (CSF) protein, which comprises inserting a gene coding 
for such protein into an appropriate vector, transforming 
said vector containing said gene into eukaryotic or prokaryotic 
host cells and expressing and isolating said CSF protein. 

71. A method according to 70, in which the CSF protein 
is human granulocyte-macrophage CSF. 

72. A method according to 70, in which the CSF protein 
has the amino acid sequence shown for CSF-thr in Fig. 1. 

73. A method according to 70, in which the CSF protein 
has the amino acid sequence shown for CSF-ile in Fig. 1. 

74. A method according to 70, in. which the CSF protein 
is Gibbon ape granulocyte-macrophage CSF. 

75. A method according to 70, in which the CSF protein 
has the amino acid sequence shown for CSF-G in Fig. 1. 

76. A method according to 70, in which the CSF protein 
is a protein corresponding in amino acid sequence to a 
naturally occurring CSF, except that one or more amino acids 
has been added, substituted or removed without substantially 
affecting the biological activity of the natural CSF. 

77. A method according to 75, in which the CSF protein 
corresponds in ammo acid sequence to a natural CSF protein 
except that one or -ore cysteine residues have been replaced 
bv residues of r.'r.er amino acids. 



78. A method according to 77, in which the CSF protein 
the amino acid sequence of a natural CSF except that it 
proceeded by a methionine residue. 



79. CSF protein of 42, 43, 45, 46 in mature form. 

30. CSF protein of 42, 43, 45, 46 containing a signal 
potentiater start region. 



81. CSF protein having 127 amino acids. 

32. CSF protein obtainable by expressing E. coli MCI06I 
deposited in the ATCC under the number ATCC 39754 or the 
127 amino acid CSF coding nucleotide sequence of plasmid 
p9 10 2 3 ( B ) -CSF deposited therein. 



